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Status of the Pheumoconioses 


Introduction 


FRANK PRINCI, M.D., Cincinnati 


Seven years ago a report of the Commit 
tee on Pneumoconiosis ! of this Association 
stated that the previous 20) vears had seen 
the development and perfection of many 
means of controlling dust by engineering 
methods, and a propheey was made that 
in the following decade more atterition would 
be given to the individual worker exposed 
to dust. Although the full 10 years have 
not vet elapsed, an examination of the pres 
ent state of our knowledge concerning the 
cause and effect of dust inhalation will serve 
to orient those who are interested in the field 
of environmental health concerning the ad 
vances that are being made in the study of 
the pneumoconioses. This examination of 
the problem should serve to demonstrate the 
areas of investigation that require further 
inquiry and to detine those concepts con 
cerning which there is common agreement. 

It is agreed generally that an understand 
ing of even a single case Of pneumoconiosis 
requires knowledge of environmental fac 
tors, roentgenologic evidence, physiological 


processes, histopathological changes, and 


clinical phenomena, To assume that infor- 
Received for publication March 27, 1958 
Kettering Laboratory, University of Cincimnati 
Presented as part of a Symposium on the 
Status of the Pneumoconioses before a Joint Ses 


Health 


American Public Health Association, the 


sion of the Occupational Section of the 
American 
Industrial Hygiene 
Medical Association at 


Cleveland, Nov 


Association, and the Industrial 
the Meeting, 


14, 1957 


Annual 


mation concerning any one of these areas 1s 


unnecessary would be naive; to overlook 
their relative importance in a consideration 
of a pulmonary dust disease would be un- 
fortunate. Before the information that 1s 
available through these various disciplines 
can be blended for the best evaluation of a 
single patient or of the over-all problem, 
however, it is imperative that the current 
knowledge in these various areas be under- 
stood and evaluated by experts in the various 
fields. For this purpose, this panel has 
been brought together to discuss, explain, 
and (where possible) to clarify the impor- 
tance of the various components of the dis- 


ease syndrome and its etiology. 


Environmental Factors 


In the understanding of the genesis, treat- 
ment, and prevention of any disease, the 
etiologic agent is of importance both quali- 
tatively and quantitatively. This type of in- 
formation is as important in the study of 
the pneumoconioses as it is in any other 
type of illness. It is of great advantage, 
however, that in the case of dust diseases 
known 


the etiologic agent is before the 


disease occurs. For this reason, our infor- 
mation concerning the cause of the pneu- 
moconioses should be more extensive and 
complete than our knowledge of the causa- 
tive agents of other diseases. 

If this is 


indeed the information 


concerning length of exposure, atmospheric 


case, 


2 
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dust concentrations, particle size of the dust, 
and the chemical and physical characteristics 
of the dust should be available readily to 
the physician who is charged with the diag- 
nosis or prevention of pulmonary dust dis- 
eases. In fact, it is apparent that this type 
of information will provide a reasonable 
judgment of the hazard to which a worker 
is exposed. An examination of the various 
lists of Maximum Allowable Concentrations 
would lead one to believe that adequate in- 
formation exists concerning these environ- 
mental that hereafter the 
problem becomes a simple matter of meas- 


factors and 
urement and analysis. 

Close examination of the facts may re- 
veal, however, that, although there exists a 
large body of data concerning environmen- 
tal factors, much of this knowledge may be 
based on fragmentary or inadequate infor- 
mation. For example, many of the silicates 
which have hitherto been considered to be 
inert are now said to be important hazards. 
During the past several years, coal dust 
has been regarded as a more and more im- 
portant hazard, but how much is known 
concerning its qualitative and quantitative 
relation to the production of pneumoconio- 
S1S° 

Perhaps even less understood have been 
the effects of industrial processes on the 
characteristics of the dust that will be pro- 
duced. Certainly, we do know, however, 


that different types of grinding operations 
will result in different dust hazards despite 


the fact that the material remains the same 
chemically. Other processes that may result 
in changes in the dust are flux-calcining and 
thermal In addition, various 
combinations of dusts may modify an en- 
vironmental hazard. Finally, a multitude of 


conversion. 


physical factors in the environment. itself 
may increase or decrease the hazard from a 
specific dust. 


Roentgenologic Manifestations 
Traditionally, diagnosis of the pneumo- 
conioses has depended to a very large ex- 
tent upon the interpretation of radiological 
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shadows. If the roentgenologic interpreta- 
tion correlated well with any of the factors 
of exposure or to the degree of illness or 
disability, or if this interpretation could 
even be made specific for the etiologic agent 
under consideration, no additional informa- 
tion would be necessary for diagnosis or 
even for control procedures. 

Unfortunately, no such correlations exist, 
and the specificity of many radio-opaque 
shadows is, at the very least, frequently con 
troversial, The chest roentgenogram of the 
stlicotic in the pottery industry may differ 
from that of the hard rock miner and the 
foundry worker. Most important, however, 
is the fact that persons with varying de 
grees of disability may present a similar 
roentgenologic appearance. Under these cir 
cumstances, one must inquire concerning the 
advisability of defining disability according 
to certain X-ray classifications. 

Because of 


these considerations, it has 


been said that “it becomes essential that the 
interpreter of the x-ray film has a_ full 
clinical picture of the patient, and the ideal 
state of affairs is for the interpreter to be 
the examiner as well.’? One wonders if 
complete objectivity can be realized when 
the interpreter’s opinion is already influ 
No doubt 


the examiner’s understanding of the disease 


enced by other considerations. 


process can be enhanced by his observation 
of the chest roentgenogram, but will his in- 
terpretation of the radiological shadows not 
be somewhat biased by his familiarity with 
the clinical findings ? 

Perhaps the differences of opinion con- 
cerning the value of roentgenologic classi- 
fications of the pneumoconioses is concerned 
with the differences between the use of x- 
rays for control procedures and their use 
for diagnosis and compensation purposes. 
Does this fact indicate that for some pur- 
poses a specific classification is more desira- 
ble than it is for others? On the other hand, 
since a specific classification of shadows ‘is 
only an attempt to provide common under- 
standing of shadows whose consequences 
may be subject to different interpretations, 
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it would seem reasonable to assume that if 
a classification is suitable for any one of the 
problems of understanding the pneumoconio- 
ses, it should be adaptable to all. If there 
is any merit to this suggestion, one must 
ask the reason for the failure of universal 
adoption of the 


Classification of Radio- 


graphic Appearances * that is used by the 


Pneumoconiosis Research Unit in Great 


Britain. If a universal classification is not 
desirable, however, it would be well to de 
fine the reasons for this undesirability and 
in so doing to detine specifically the pur 
poses and usefulness of the chest roentgeno- 


gram, 


Pulmonary Physiology 


Since it is known that length of exposure, 
radiologic appearance, and the patient's 
symptoms are not always related directly 
and since clinical evaluation of respiratory 
dysfunction has many limitations, objective 
methods of study of the patient with a 
pheumoce miosis have become extremely pop 
ular. These methods have become known 
popularly as pulmonary function studies. 
Rightly or wrongly, the findings from these 
studies are accepted (by most physicians ) 
as a direct evaluation of the person's ability 
to perform work and, as a corollary, an 
estimate of the disability that was produced 
by exposure to dust. These studies are com- 
monly referred to as “tests” and in too 
many instances even a single abnormal find 
ing may be interpreted as “disability.” 

The value of an understanding of ab- 
normal physiologic processes is indisputable, 
but this concept of the understanding of the 
effects of disease should not be confused 
with a slavish dependence on laboratory 
findings. Since there is no single pulmonary 
function study or limited combination of 
such studies that will provide the answer to 
all questions of pulmonary dysfunction, it 
must be apparent that the understanding of 
the numerical results of these evaluations 
is dependent upon the observer's knowledge 
of the individual patient. Therefore, any 
attempt to interpret the relationship of 


Princi 


symptoms to dysfunction must depend upon 
a complete medical survey of the patient 
himself. 

ven more difficult is the attempt to re- 
late cause and effect relationships on the 
basis of phy siologic studies alone. The suc 
cess of such an endeavor would depend upon 
the finding that specific diseases result in 
specific and unchanging physiologic observa 
tions, This is rarely true in nonoccupational 
that 
pnheumo 


diseases; it is almost never true in 


group of diseases known as the 
comoses. 

Under these circumstances such terms as 
the Henderson-Hasselbach equation, alveolar 
ventilation, maximum 


dead 


working tools for the clinical physiologist. 


breathing capacity, 


oxygen tension, space, etc., become 
They can most certainly be useful in the 
study of a disease process and its develop 
ment. They are indispensable aids to the 
clinical physiologist, but they can have little 
or no meaning to compensation boards and 


to the average physician. It 


would 
logical, therefore, that in the study of the 


seem 


pneumoconioses, consultation should be re 
quested from a physician who is skilled in 
physiological and clinical techniques. A 
mere report of mathematical enumerations 
of pulmonary function studies would be con 


fusing and might be misleading. 


Pathology 


In the study of all disease, know ledge of 
tissue reaction is essential, and the patholo- 
gist has become the court of last resort in 
diagnosis. Very properly, the histopathologi- 
cal examination of the lung has come to be 
the ultimate diagnostic aid and method of 
interpreting the anatomic changes that de- 
velop after the inhalation of dust.. Factual 
and finite as this methodology may be, how- 
ever, does it resolve many of the trouble- 
that answered 
concerning pulmonary dust diseases ? 


some questions must be 


Indeed, the pathologist may be able to 
specify that a certain morphological appear- 
ance is consistent with the inhalation of pure 
silica dust or of coal dust or a combination 
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of the two. Can he, however, correlate his 
findings with the length of exposure or the 
physiologic impairment that has been pro- 
duced? Does he further have any evidence 
concerning the reliability of the many varied 
theories the mechanisms — by 
which a specific dust or combinations of 


concerning 


dusts influence and produce tissue reactions 
and degrees of physical impairment - 

Attempts to answer these questions and 
to solve the problems which they pose have 
centered to a great extent around animal 
investigation. Despite the fact that some of 
the pneumoconioses of man have not been 
reproduced in animals, perhaps different or 
newer techniques will result in significant 
findings. Regardless of the specific success 
ful outcome of such attempts, incidental 
experimental findings in animals may con- 
tribute greatly to the understanding of hu 
man disease. 


The Importance of Bronchitis and 

Emphysema as Causes of Respiratory 

Disability and Mortality with Special 
Reference to Dust Exposure 

Since both bronchitis and emphysema may 
occur with or without exposure to dust and 
since both conditions may become far ad- 
vanced and result in pulmonary disability, 
their relationship to dust exposure is im- 
portant not only medically but also from 
the point of view of compensation. In fact, 
the disabling features of the effects of many 
types of dust inhalation are either bronchitis 
or emphysema or both. Under these cir- 
cumstances, it is essential that the meaning 
of these two entities be made clear. 

It would be oversimplification to state that 
bronchitis represents an inflammation of the 
bronchial epithelium. Such a definition ig- 
nores the fact that the term is used diag- 
nostically and that it may have different local 
interpretations. or example, although bron- 
chitis is known to be common in the United 
States, this condition was not recorded as a 
cause of death during the Donora smog. 
During the severe episodes of smog in Lon- 
don in January, 1956, however, there were 
said to be 


“increased numbers of deaths 
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from ‘bronchitis’.”* It is very likely that 
the cause of death was similar in both groups 
but that there was no mutual understanding 
of nomenclature. This would hardly be a 
serious problem except that one might con- 
clude that although bronchitis has a fatal 
termination in England, it does not in the 
United States. If speak with a 
common language but with different mean- 
ings, it would that 


then we 


appear essential 
diagnostic terms be defined clearly. 


our 


Equally confusing may be the designation 


“emphysema.” Is this term tobe defined 


clinically, anatomically or radiologically 
To each group of specialists the word may 
be consistent with impairment of pulmonary 
function but it may or may not be related 
to fundamental physiologic deviation from 
the normal. 


both 


A common understanding of 
these terms is essential before are 
lationship to etiologic factors can be agreed 
upon. 

An earnest and objective consideration of 
all the facets of the disease and disability 
that are produced by the inhalation of dust 
requires a complete understanding of all the 
factors that are involved, Glib explanations 
and empiric assessments of cause and effect 
have served to obscure many of the evident 
facts and to confuse interpretation. It is to 
be hoped that a clear presentation of the 
known information will result in useful con 
clusions and uniform judgments. 


Kettering Laboratory, Eden Ave. (19) 
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Environmental Factors 
H. H. SCHRENK, Ph.D., Pittsburgh 
The primary objective of the determina 


data 
which can be interpreted in terms of po 


tion of air-borne dust is to obtain 
tential physiological response, Hence, one 1s 
attempting to estimate the dose of a par 
ticular substance at its point of action and 
evaluate the effects which that amount of 
substance will produce. The ultimate meas 
urement 1s a biological response, and actual 
measurements to be meaningful must pro 
vide data on those properties of the dust 


host directly related to health, 


Data on the source and concentration of 
air-borne dust also serve as a guide in select 
ing the type, location, and magnitude of en 
gineering control measures. A_ relatively 
simple procedure may be satisfactory for 
this purpose without providing significant 
information health. 


evaluation of en 


regarding hazards to 


Hence, progress in the 


vironmental factors for prevention of dust 


diseases fall into two categories: one, sim 


plication of routine methods for checking 
ethieacy of control measures; and the other, 


comprehensive methods which provide a 


more precise measure of the potential haz 


ards to health. The latter is essential to a 
clearer understanding of the biological action 


of dust. 


Analysis of the problem of measuring 
the 


environmental stress of exposure to 
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pneumoconiosis-producing dusts shows that 


there are two basic aspects, namely, the 
the the 


inhaled air, and the dust de 


character of dust as it exists in 
fraction of 
posited in the respiratory tract at the site 
of injury. Knowledge of the dust in the 
air is Meaningless unless it is known where 
and how much is deposited in the respira 
tory tract.. Hence, the ideal sampling instru 
ment is 


man. To approach this ideal the 


sampling procedure should simulate as 


closely as possible the human respiratory 
system or provide data which can be quanti 
tatively related thereto, 

The first step in outlining the performance 
requirements of a sampling procedure is a 
knowledge of the behavior:of dust in the 
respiratory tract, but this requires a know] 
edge of the chemical and physical proper 
ties of the dusts being studied. Research in 
one area is closely associated with research 
in the other area, and progress is dependent 
on mutual assistance and coordinated efforts 
of both groups. 


Behavior of Dust in the Lungs 


Recent studies on the behavior of dusts 


in the respiratory tract have provided much 
useful information on the retention of dust 
in relation to particle size. Particles greater 
than 3y are of little biological significance 
as they are retained in the upper respiratory 
tract and removed by action of the cilia. 
Retention of particles less than 5 decreases 
in the upper respiratory tract as particle 
size decreases, and penetration to the alveolar 
spaces increases and reaches a maximum at 
about Ip. 


Ketention of the 


alveolar spaces is high for particles in the 


particles in 


range of Ip to 54 which reach the alveoli, 
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xelow 1p retention decreases to a size of 
about 0.25 and then rises again. 

This over-simplification of dust retention 
in the lungs does not take into consideration 
such factors as rate and volume of respira- 
tion, and properties of dust such as hydro- 
scopicity, but serves to indicate advances in 
this field. Knowledge of the hazard asso 
ciated with particles less than about 0.25, 
is controversial. Clarification of the biologi- 
cal of particles 
needed and will be helpful in the ultimate 
ot 


significance ultratine is 


development means for more precise 


evaluation of environmental exposures. 


Recent Developments in Measuring 
Air-Borne Dust 


Increased information on the biological 


of dust diseases has resulted in 


renewed interest in methods of evaluating 


aspects 


exposure. Two-stage or size-selective sam- 
to the 
human lung have received particular atten- 


plers for air-borne dust simulate 
tion. Spirals, evclones, and elutriators have 
been used to remove the larger particles 
which would be retained in the upper part 
of the respiratory tract. Some instruments 
are essentially two-stage devices, whereas 
others strive to attain continuous separation 
of particle sizes. The final collection of the 
particles passing through the presampler 
must take 
as disaggregation and methods of enumera- 
tion. 


into consideration such factors 
Attention also has been given to the 
molecular or membrane filter as a collecting 
medium, owing to its high efficiency for 
very small particles and the fact that the 
New 
methods for enumerating particles, includ- 


particles can be collected unchanged. 


ing automatic counting by scanning of dust 
deposits, have been reported. 

Other measurements 
without collection of the particles from the 


methods based on 
air have been described. The principle of 
light scattering was used in the development 
of an aerosoloscope for automatic counting 
and sizing of aerosol particles. Another 
method based on photomicrography of air- 


borne particles and subsequent counting of 
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images on the negative film has been used 
to investigate ice fogs. 

The number and size of the particles are 
only one part of an evaluation of the health 
aspects; composition of the dust is also an 
essential factor. Fortunately, such physical 
methods as x-ray diffraction, electron mi- 
CTOSCOpYV, and gas absorption techniques for 
surface area measurements are available and 
have contributed significantly to the dust 
problem. 


Future Needs for Measuring 
Air-Borne Dusts 


Limitations of methods commonly used 
for measuring environmental factors asso 
ciated with exposure to pneumoconiosis 
producing dusts are well known. If better 
methods are to be developed, one must first 
the 
which the methods should meet. 
to do this it to 


behavior of dust in the respiratory tract. 


establish performance requirements 
In order 
is necessary review the 
The deposition of dust in the lungs in rela- 
tion’ to particle size has been mentioned. 
The composition of deposited material may 
differ significantly from the inhaled dust, 
owing to difference in the particle sizes of 
the various components of the dust. Hence, 
composition of the effective dose is deter- 
mined by differential deposition in_ the 
lungs. Following deposition there is a ques- 
tion of lung clearance in relation to particle 
size and composition as well as possible 
of 


the composition 


enhancement or inhibition biological 


action depending on of 
mixed dust. 

The requirements of analytical proce- 
dures which will permit obtaining precise 
quantitative information on the true effec- 
tive dose of dust, present an extremely 
difficult to 
duplicate the action of the human lung or 


problem. One may attempt 
develop a continuous recorder which auto- 
matically would give concentration and com- 
position in terms of particle size without 
changing the conditions of the particles as 
they exist in the inhaled air, and then 
calculate the effective dose. To attempt to 
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develop a single instrument incorporating 
such performance would not be realistic. 


However, advances can be made on a broad 


front which should permit gradually ap 


proaching the ultimate goal. Instruments 


based on light scattering and photomicrog 


raphy which can give number and size dis- 


tribution without collection from = the air 


deserves further study. Continued investi 
gation of size selecting collectors and mem 
filters others is desirable, 


brane among 


Schrenk 


as Well as methods of counting and deter- 
mination of composition. The relationship 


between mass, number, and surface 


area, 
particularly of particles in the respirable 
range, is worthy of additional study. Other 
factors such as humidity, negative and post- 
tive ions in the air, and the effect of inter 
mittent peak concentrations should — be 
explored. 


Mellon Institute 
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Disability and Mortality from Chronie Bronchitis 


in Relation to Dust Exposure 


Cc. M. FLETCHER, C.B.E., M.D., F.R.C.P., London 


Introduction 
In Great Britain we believe that chronic 
bronchitis is a disease that frequently leads 
to progressive obstructive pulmonary em- 
physema, which may prove fatal; and we 
regard the syndrome of chronic bronchitis 
and emphysema as the commonest cause of 
respiratory disability in our working popu- 
lation. In the last few years an increasing 
amount of attention has been given to it: 
for example, in the five years 1952-1956, 
27 original articles and 9 leading articles 
were published on this subject in the Lancet 
and the British \/edical Journal, whereas in 
the five vears immediately preceding World 
War II only one such article appeared. 
American interest appears to be small, since 
no article on bronchitis has appeared in 
The Journal of the American Medical Asso- 
ciation in the past five years. By chronic 
bronchitis we, in England, imply a condition 
characterized by persistent or recurrent 
cough and expectoration which is not due 
to localized bronchopulmonary disease and 
which is often associated with exertional 
dyspnea. The symptoms are worse in the 
winter when the sputum, which is usually 
mucoid, becomes purulent during exacerba- 
infection. Asthmatic 


tions of bronchial 


wheezing and diffuse obstructive emphy- 
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sema are the complications responsible for 
the dyspnea. 

Our official mortality figures show that 
deaths attributed to bronchitis amount. to 
nearly 10 of all deaths of men between 
the ages of 45 and 64. The majority of 
these deaths occur in subjects with pulmo 
nary emphysema, for bronchitis is in itself 
seldom a lethal condition. A similar propor 
tion of all spells of sickness in the working 
population, for which benefit is provided 
under our National Health Act, are attrib 
uted to bronchitis. 

The magnitude of our mortality and mor 
bidity figures provides an Opportunity to 
look for crude comparisons that may indi- 
cate where etiological factors may lie and 
may thus guide us to research and ulti 
mately to preventive action. 


Mortality 
The 


mortality 


main facts that emerge from our 


figures ( recently reviewed — by 
Goodman et are as follows: 


l. The Sex Ratio. 


times as great in men as in women. The 


The mortality is four 


reason for this difference is not by any 
means clear; differences of smoking habits 
in men and women may be largely respon 
sible for the 


different incidence of the 


disease in the two sexes.2* Occupation may 
also play its part: but, as I shall show later, 
there is no definite confirmatory evidence 
of this, 


2. Urban/Rural Differences—The mor- 
tality rate in our larger towns is about twice 
that in our country districts4 The differ 
ence is the same for both sexes, so it is 


probably not occupational. The most likely 


IISABILITY AND MORTALITY FROM CHRONIC BRONCHITIS 


thing is that it is due to atmospheric pollu- 
tion, 

3. Social Class Differences. The Regis- 
trar General divides our population into five 
social classes on a purely occupational basis. 
The bronchitis mortality in Social Class V, 
consisting of unskilled workers, is over five 
times that of Social Class I, the executive 
and managerial class (Table 1). At. first 
sight this might be thought to be an occu- 
pational effect, but the gradient with social 
class is the same for women as for men. 
It must, therefore, be due to some general 
environmental, rather than occupational in- 
fluence, and unskilled 


tend to live in the more crowded and smoky 


since the laborers 
parts of our cities, it is quite probable that 
this is again an effect of atmospheric pollu- 
tion, Overerowding, with inadequate medi- 
cal care and easy transmission of infections. 
may also be playing a part. 

4. Occupation 


sider the direct occupational effect. it ap 


When we come to con 


pears at first sight that dusty occupations 
carry a heavy bronchitis mortality, but here 
too, 1f we look at the mortality of the wives 
of men working in dusty occupations, we 


find that their mortality is proportionately 


(Table 2). This 


that some general environmental rather than 


increased also suggests 
specifically occupational factor is at work. 
If atmospheric pollutants (tobacco and coal 
smoke) are the main etiological factors sug- 
gested by this analysis of mortality figures, 
it would not be surprising if exposure to 
dust might have a similar effect, although 
mortality figures provide confirmation 
of this. 


TABLE 1.—Standardized Mortality Ratios from 
Bronchitis, England and Wales, 195] 
loves 20 of 


Occupied 
and Retired 
Men 


Social 


Married 
Women 


33 33 
53 
97 

108 

172 


All Classes 100 


Fletcher 


TABLE 2.—Standardized Vortality Ratios from 
Bronchitis for Men in Occupations with 
High Ratios, and for Their Wives * 


1931-1932 1951 


Men Wives Men Wives 
Class III a7 100 
Mineworkers, 


Coal hewers and getters - 218 


ill types 217 


Furnace men, rollers, ete 

Metal molders & die casters 
Class I\ 

Mineworkers (coal 

Coal, “‘other 


Coal 


G. workers” 
“other surface workers” 
Iron and steel foundrymen, 
furnacemen and laborers 
Road transport, horse drivers 
Class \ a9 7: 152 
Dock laborers 7 143 


* Registrar General Decennial Supplements on Occupational 
Mortality 1938 and 1954 


Morbidity 


There are two sources of evidence on 
morbidity from bronchitis ; sickness absence 
rates and ad hoc surveys. 

1. Sickness Absence Rates—We must 
recognize considerable uncertainty as to the 
nature of the illnesses causing sickness 
absence which are described by practitioners 
as bronchitis; but it is probable that the 
majority of them are in fact due to an ill- 
ness characterized by cough with purulent 
sputum, which is characteristic of bron- 
chitis. With this cautionary note, we may 
consider what evidence such records pro- 
vide. Only a limited analysis of occupa- 
tional intluences upon morbidity is possible 
from the Ministry of Pensions and National 
Insurance figures for spells of sickness in 
the working population. Figures from their 
1951 
groups large enough to provide meaningful 


figures are given in Table 3. 


analysis from those occupational 
It will be seen 
that the miners and foundry workers (both 
dusty occupations) have a 


high rate of 


bronchitis sickness absence. But these oc- 
cupations also have a high rate of sickness 
absence from all causes, and the proportion 
of sickness absence due to bronchitis is, 
with the possible exception of foundry 
workers, no higher in these groups than in 
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163 222 
164 
124 103 130 
71 
I 
II 
I\ 
\ 
100 
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TABLE 3.—Number of Spells of Sickness Per 
Thousand Population (Men), Ministry ~ 
of Penstons and National Insurance, 

1951 


Number of Spells 
per 1000 Population 
Due to Bronchi- 

tis Spells 

Bronchi- as “% ofall 
Causes tis 


Population All 


Occupation (Thousands) Causes 


Coal miners 630 850 96 
Other miners 4s 500 y 4 
Foundry workers 141 460 13.9 
Various unskilled .233 465 12.9 
Railway workers . 316 380 10.8 
Fitters, etc. 365 3 
Road transport 34 3 96 
Woodworkers, etc. 315 7 8.6 
Building workers 902 q 11.2 
Metal machinists 232 10.4 
Agriculture ,052 y 15 6.6 
All occupations 14,400 9.9 


The high rate in the unskilled 
reflect a drift of disabled men 
It is notable that agricultural 


the others. 
workers may 
to such jobs. 
workers have a low proportion of sickness 
absence due to bronchitis. This may well 
be due to their freedom from the effects of 
atmospheric pollution. 

Reid ® has recently made a study of sick- 
ness absence rates among post office work- 
ers who do the same sort of jobs in different 
parts of the country. He has divided the 
country into areas with different degrees 
of atmospheric pollution and has shown that 
postmen who deliver letters in the most 
polluted areas of the country have, in the 
older age groups, a much greater sickness 
than clerks 
In the less polluted 


absence rate from bronchitis 


who work indoors. 
areas the difference between the two groups 
is smaller. A similar difference is found in 
sickness absence rates of bus drivers and 
conductors in London exposed to the smog- 
gy air and clerks who work in the offices 
of the London Transport Executive.® 

2. Special Surveys.—These have been 
mostly concerned with the effects of dust 
exposure. Both Cummings et al:7 and 
Gregory * concluded that among gas work- 
ers, men with exposure to dust had an 
increased incidence of bronchitis, and Clif- 
ton ® reached similar conclusions. The type 
and severity of dust exposure in these 
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investigations was not accurately known, 
and the control groups were not wholly 
satisfactory. More recently several surveys 
have been undertaken in Great Britain in 
an attempt to discover the frequency of the 
symptoms of bronchitis, and the prevalence 
of respiratory disability in populations ex- 
posed to dust and in carefully matched 
controls.!"'! Some figures for the preva- 
lence of respiratory symptoms and of im- 
pairment of function as measured by simple 
ventilatory — function 


tests given in 


Table 4. The results are a little surprising. 


are 


No important difference emerges between 
the prevalence of respiratory symptoms. in 
elderly men living in the country and in 
a highly polluted town in Lancashire. On 
the other hand, coal miners are found to 


have a much higher prevalence of respira- 


tory symptoms characteristic of bronchitis 
and emphysema, and, on the average, they 
have an impaired ventilatory capacity. Pem- 
berton made similar observations in. the 
United States. These 
taken to show that the 


figures have been 
dust to which coal 
their 
respiratory disability; on the other hand, 


miners are exposed is the cause of 
there is no evidence in these figures of an 
Important effect of atmospheric pollution. 


Thus, the results are different from what 
would have been expected from the morbid- 
ity and mortality figures. 

Further study of these published figures 
for coal miners reveals the remarkable fact 
that neither in the surveys in South Wales 
and Lancashire by the Pneumoconiosis Re- 
Unit 


vey '* was there any significant relationship 


search nor in Pemberton’s  sur- 
between the reduced ventilatory capacity or 
the prevalence of respiratory symptoms in 
miners and the duration of past exposure to 
dust. In both groups, miners without any 
radiological evidence of pneumoconiosis had 
a higher prevalence of respiratory symp- 
toms and disability than did those with 
radiological evidence of pneumoconiosis 
who had had greater exposure to dust. In 
their detailed study of the relationship be- 


tween radiological abnormality and ventila- 
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TABLE 4.—Comparison Bet 
lentilatory Capacity 


(Higgins et 


W heezing 
& Chest 
Tightness 


Cough 


Population Group Sputum 


Vale of Glamorgan (rural) 


Town of Nonminers 


Leigh 


Lance) Coal miners 132 


* Defined as cough and sputum and chest illness in past 3 years 
* On walking on level. 


tory capacity among coal miners Carpenter 
and others! reported “our results do not 
support the hypothesis that the reduced 
ventilatory capacity is directly related to the 


severity of dust exposure.” 


Comment 


The conclusion to be drawn from. these 


surveys is that while men who work in 
dusty occupations, especially coal) miners, 
have a higher prevalence of the symptoms 
of bronchitis and emphysema, with respira 
tory disability, than control groups of men, 
there is no close relationship between the 
duration of such exposure and the preva 
lence. There are two possible explanations 
tor this apparently contradictory finding. 
l‘irstly, that dust exposure is not the 
factor responsible for the increase of bron 
chitis in miners and, to judge from mor 
tality figures, foundry workers, but that it 
is some other contrasting environmental 
factor, such as temperature changes on lea\ 


ng 


work, heavy exertion, or exXposure to 
some unidentified irritant. 

Secondly, that dust exposure is respon 
sible, but that the relationship between the 
severity or duration of such exposure and 
the onset of bronchitis is not a simple quan 
it 
imagined that the initial response of the 


titative one. Tor instance, might be 


bronchi to the stimulus of dust inhalation 


be 


change in the secretion of 


might a quantitative and qualitative 


mucus which 


might, in its turn, increase susceptibility 


Pletcher 


Prevalence « 


BRONCHITIS 


f Respiratory Symptoms and 
in Men Aged 55-64 


al. 1956-1957) 


Percentage with 


Chest Iiness 
in Past 
3 Yr 


MBC less 
than 50 
Breathlessness Liters/ Min. 


Mean 
Indirect 
MBC 


Chronic 
Bronchitis * 


to other causes of bronchitis (e. infec 
tion, smoking, atmospheric pollution). Such 
a change in mucus secretion could presum 
ably occur after a short period of exposure 
and could increase the prevalence of disease 
in dust-exposed groups without there being 
any clear relationship between prevalence 
and intensity or duration of dust exposure. 
Moreover, those lable to such effects of 
dust exposure might preferentially leave 
dusty work and thus confuse the relation 
ship between symptoms and exposure in 
later life. 

This is all a matter of speculation. The 
important fact is that there is at present 
some evidence that workers in dusty indus 
tries, such as coal mining and foundry 
working, have an undue prevalence of re 
spiratory symptoms and of impaired ventila 
tory capacity resulting in respiratory 
disability. There is also evidence that men 
Who are exposed to the smoky atmosphere 
of our cities and who indulge in the habit 
of cigarette smoking suffer, at least in Great 
britain, excessive mortality from bronchitis 
and emphysema, 

Whether or not these facts are applicable 
to the United States it is difficult to say. 
Pemberton’s evidence suggests that coal 


miners have a disadvantageous position. in 


the United States similar to that which thev 


appear to have in Great Britain in respect 
of respiratory symptoms and disability. The 
mortality from bronchitis the United 


States 1s only 159 of that recorded in Great 
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33 43 32 23 23 17 


A, 


Britain, but this may well be due chiefly 
to different customs of death registration 
and not only a difference in incidence. 
The challenge of this problem is one 
which those responsible for public health 
should not ignore. There is always a danger 
of overlooking diseases which chietly affect 
the poorer classes. More facts are wanted 
facts which must be derived by direct 
observation of appropriate populations. Fur- 
ther studies of official mortality and mor 
bidity figures can provide only indications 
rather than proof. Techniques whereby the 
prevalence of respiratory symptoms and 
disability may be measured are being 
evolved in Great Britain. We need to study 
the relationships between respiratory symp- 
toms and illnesses in younger groups of men 
exposed to dust and other suspected enyt- 
ronmental hazards, compared with . suitable 
controls. Long-term follow-up studies of 
such groups are also needed. An opportu- 
nity for elucidating these problems may be 
provided by studying populations with large 
contrasts of morbidity. If it is true that 
bronchitis is less prevalent and less fatal 
in the United States than in Great Britain, 
it would be of great importance to establish 
this fact. Parallel surveys using standard- 
ized techniques in the two countries are 
required. We have a North Atlantic Treaty 
Organization to combine our efforts to de- 
fend ourselves in the military sphere. May 
there not perhaps be a need for’a North 
Atlantic Respiratory Morbidity Organiza- 
tion bent on lifting the mist of ignorance 
that at the of 


bronchitis and emphysema? We must show 


present surrounds causes 


our determination to spare future genera- 


tions of our workmen from a disease which 


at present disables so many of them in 


Great Britain and which I believe may also 
threaten more American workmen than we 
realize. 


Summary and Conclusions 


Bronchitis is an important cause of mor- 
bidity and mortality in the working classes 


3/2 
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in Great Britain. [Evidence is presented that 
atmospheric pollution by coal and tobacco’ 
smoke and by industrial dusts is concerned 
in causation, 

Morbidity surveys suggest that the rela 
tionship of bronchitis to dust exposure ts 
complex, 

Surveys of respiratory morbidity 
workers exposed to respiratory irritants and 
in control groups in Great Britain and in 
the United States, where bronchitis may be 
less prevalent, could help to elucidate this 


important problem to industrial health. 
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Experimental Silicosis 


The Morphogenesis of the Silicotic Nodule 


PAUL GROSS, M.D.; MARIAN L. WESTRICK, Ph.D., and JAMES M. McNERNEY, M.P.H., Pittsburgh 


In reviewing the literature pertaining to 
the morphogenesis of the silicotic nodule a 
notable lack of information is evident. re 
garding its structure at a very early stage, 
a stage so early that it cannot be identified 
with certainty by ordinary methods as sili 
cotic. This paper is concerned with a study 
of such very early silicotic nodules in rats. 

The present, long-established concept of 
nodulation 
that 


the morphogenesis of | silicotic 


rests upon theoretical considerations 


have come under attack in recent times. 
The following are the basic tenets which 
form the foundation of this concept: 

1. That inhaled quartz dust particles are ingested 
by alveolar phagocytes which subsequently migrate 
back into the lung parenchyma. 

2. That 


electively 


cells 


Iwmphatic 


these migrating quartz-contaming 
toward 


cells 


reach the draining lymph nodes; but, many of these 


travel perivascular 


vessels which the seek to enter in order to 
wandering cells become stranded in the perivascular 
spaces where silicotic nodules are formed 
3. That in the 


ind vessels the 


vicinity. of bronchi, bronchioles, 
wandering dust cells come to rest 
in lymphoid tissue 


frequently found in these posi 


tions. There the arrested macrophages form the 
beginning of a silicotic nodule 


That cells 


subsequently assume the function of fibroblasts and 


these arrested,  silica-contaming 


cause the formation of collagen fibers 


It is not the purpose of this paper to 
discuss again the objections to these tenets 

objections that have already been pub 
lished,* but rather to present additional valid 
this 


trenched concept. At the same time, a new 


reasons for abandoning firmly en 


concept is offered to replace the old. 


Although the new concept is) based in 


part on the observations and their interpre 
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tations recorded this paper, there 


portions which, like most of the old, 
conjectural and therefore vulnerable. 


Method 


Rats were exposed in an inhalation chamber. to 
22 mg. quartz silica dust per cubic meter for 30 
hours per week. The particle size of the quartz 
silica dust was <2y 


and the lungs were fixed by the intratracheal injec 


Two rats killed after 


3, and 4 months’ dust exposure respectively, 


were 


tion of formalin or of Bouin's solution under a head 


of 10 cm. water pressure. Another series of rats 


was injected intratracheally with 47 meg. quartz 


silica dust suspended in 1 ml. water 
size was 
the lungs prepared for section as in the preceding 
blocks 
Suitable 
fields, accurately located with a “held finder’* were 


Phe particle 
These animals were sampled and 
from 


Sections cut at 7p parattin 


were stained with hematoxylin and eosin 
photographed at a magnification of 140) oF 

200, after which the coverslips were removed 
and the The 


silver by the 


sections decolorized sections were 


then impregnated with method ot 


Van 


The previously marked fields were 


Gordon and Sweet and counterstained with 
(sieson’s stain 
then rephotographed at the same magnification 

For purposes of comparison the lungs of guinea 
pigs and 


Notre 


ditions + 


rats raised at the Lobund Institute of 


Dame University under “germ-free” con 


were similarly prepared for study 
The lungs of guinea pigs exposed to china clay 


dust in an inhalation chamber for one year and 


injected intratracheally with an avirulent human 


(RIR, 


stained, photographed, 


tubercle bacillus straint) were also sec 


tioned, studied in an 


and 
identical 


\fter 


sections the coverslips of sections from dust-con 


manner for comparative purposes 
photography of the silver-impregnated 
taining lungs were removed a second time, and the 

*Sold by W. & L. E 
Instruments, Troy, N. Y. 


Gurley, Engineering 


Professors Reyniers and Gordon placed this 


material at our disposal for study. 


f Obtained through the courtesy of Dr 


William 


Steenken, Ir. of Trudeau Laboratory, Trudeau, 


Ne 
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slides were incinerated at 550 C for one hour 


\tter 


cooling to were im 


room temperature the slides 


mersed in acid tor 30 
After 
the same fields were rephotographed under dark 


concetitrated hydrochloric 


minutes, washed with water, and air-dried 


held conditions (again, at the same magnification ) 
the slides were immersed in aqua regia to remove 
gold 


ash after treatment with hydrochloric acid 


remained in the 
The 


same fields were then rephotographed again undet 


traces of silver and which 


dark-tield conditions. 
third 
either the 


By superimposing the negative of the 


photomicrograph upon the negative of 
first or second photomicrograph of the same field 


and carefully matching the landmarks, the silica 


or clay deposits, as the case may be, could be 


accurately related to histologic structures because 


the hydrochloric acid treatment did) not remove 


the gold and perhaps not all of the silver and 


thereby left outlines of alveoli and vessels by 


means of which the two negatives could be ac 
The 


bound together with transparent 


curately matched two negatives were then 


adhesive tape as 
a composite, 

The 
acid-insoluble ash but 


fourth) photomicrograph was also of the 


minus all gold and silver; 
hence, without the landmarks of alveoli and vessels 
But by using the previously made composite as a 


guide the negative of the fourth photomicrograph 
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Fig. 1 


vessel 


This is a blood 
trom the lung of 
an ammal raised under 
free” conditions 

reticulin membrane 
tbuttine air 


tighth 


spaces 18 
approximated to 
the iiventitial reticulir 
fibers of the vessel. Gor 
Sweet method: 


IS% tro 


don and 
reduced about 


nag. HO 


could be superimposed accurately upon the negative 


of the first or second picture as the case mav be 


and thereby another composite was constructed 


Results 
As seen in the lungs of “germ-free” ani 
mals and also in disease-free portion of the 
animals, the walls of air 


blood 


caliber are tightly approximated to the ad 


lungs of other 


spaces that abut vessels of smaller 


ventitia of these vessels. In many routine 


sections of lungs from experimental animals 
the abutting alveolar walls are separated 
from the vascular adventitia by what ap- 
pears to be edema fluid, thereby forming 
perivascular which contain 


spaces may 


widely separated fine fibrils. Anatomically 
well-detined lymphatic vessels may be in- 
terposed between adventitia and alveolar 
wall, but these never surround the blood 
vessel completely to give a doughnut-like 
picture. Another interesting finding in the 


lungs of animals raised under “germ-free” 
conditions 1s the lack of intrapulmonary 


lymphoid tissue. 


| 
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Fig 2 This photo- 
micrograph shows a pul 
monary vessel from a rat 
injected intratracheally 
with a mixture of iron 
and various silicates 
which did not produce 
nodules or fibrosis. There 
is here perivascular 
infiltration of — lympho 
Hematoxylin and 
eosin; reduced about 18% 
trom mag. * 440 


Fig. 3.—The reticulin 
pattern of the above 
shows well-defined de- 
limiting reticulin mem- 
branes of abutting 
alveolar walls peripheral 
to the cell collections, in 
dicating that the cells are 
within perivascular 
space. Gordon and Sweet 
method; reduced about 
18% from mag. * H0 
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4.——-Rat 3741. In 
jected imtratracheally with 
7 ome. quartz silica and 
killed one month later 
There is in this. field 
rhombically shaped, cel 
lular, perivascular nodule 
composed of cells with 
out discernible cell bound 
aries, The nuclei, thoug! 
somewhat 


semble 


variable, re 
those of Ivmpho 
evtes. An alveolus to the 
lett of the nodule is re 
luced almost to a shit by 
the CT1C roaching nodule 
Hematoxylin and 
reduced about 15% 


fron 


When lymphocytes or other inflammatory 
cells are congregated about a blood vessel 
their position as being within a perivascular 
space is clearly indicated by the fact that 
they are situated between the adventitia and 
a delimiting outer membrane of reticulin 
fibers. This outer membrane comprises the 
mural reticulin of abutting air spaces. 
Contrariwise, if no outer delimiting reticu 
lin membrane is identifiable peripheral to 
a collection of cells lying adjacent to a blood 


vessel which is surrounded by air spaces, 


_this fact is proof that such cells are lying 


within an air space. 


The earliest indications of silicotie nod 
ules in animals exposed to silica dust by 
inhalation are found in small collections of 
crowded cells extending outward from the 


bk 


cellular collections may encircle the entire 


periphery of small vessels. Such 


circumference of the vessel or involve 
merely a segment of the circumference. In 
such early nodules reticulin fbers, coursing 
among the cells, extend radially from the 


Gross et al. 


The 
quickly develop lateral branches that con 


periphery of the vessel. radial fibers 
nect with neighboring radial fibers so that 
an arcuate meshwork may be formed. The 
most significant features of these early nod 
(1) the 
amounts of silica within the cell collections: 


2) the 


ules are presence of variable 


( absence of an 


outer delimiting 
membrane peripheral to the cell collection; 
(3) reduction in the size of the air space 
nearest the cell collection in direct propor 
tion to the size of the latter. 

It is not at all infrequent that subsequent 
to the formation of the small para- or peri- 
vascular cell collection or nodule, small cell 
collections may form elsewhere upon an 
abutting alveolar wall in such a manner as 
to further decrease the size of the air space. 
Such separate cellular collection (which 
may fuse with the peri- or paravascular 
one) also contains reticulin 
fibers that are directed at right angles to 
the alveolar wall 


conspicuous 


toward the 
center of the reduced air space. Incomplete 


and extend 
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Fig. 5.—Rat 3741 \ 
composite picture of the 
above to show the silie: 
content ot the nodule 
Alveolar mac rophages and 
debris contain much large 
amounts of silica thar 
does the nodule; reduce: 
about 150: from mag 


440 


Fig. 6.—Rat 3741. The 
reticulin pattern of the 
above exhibits pre- 
dominantly radial struc- 
ture. The absence of a 
delimiting reticulin mem- 
brane at the periphery of 
the nodule establishes that 
the nodule is intraalveolar 
and suggests that the cells 
originated from the al- 
veolar wall which is 
tightly approximated to 
the vessel. Gordon and 
Sweet method: reduced 
about 18% from mag. & 
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Fig 7 Rat 3749 
Killed three months after 
the intratracheal injection 
of 47 mg. quartz. silica 
dust. Here there are two 
vessels with small para 
vascular collections of 
cells resembling lympho 
evtes. One of the alveoli 
is reduced to a crescentic 
slit) by the encroaching 
cell collection ; hema 
toxvlin and eosin; reduced 
about 18% from mag 


Gross et al 


> 


Fig. 8—Rat 3749. The 
composite picture of the 
above establishes that 
the paravascular cell col 
lections are very early 
silicotic nodules by den 
onstrating their silica con 
tent; reduced about 18% 
trom mag. 308 
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Fig. 9—Rat 3749. The 
reticulin pattern of the 
ibove exhibits the lack 


of a delimiting membrane 
at the periphery of the 
nodules. The generally 
radial pattern of the 
reticulin fibers is some- 
what obscured by promi- 


nent arcuate collateral 
branches. Gordon — and 
Sweet method; reduced 
about 18% from mag. x 
308 

ott 

‘a 

fusion thus accounts for the inclusion of 


diminutive air spaces seen in some experi 
mental silicotic nodules. 

In the case of cell masses that appear 
to be an integral part of an alveolar wall 
remote from vessels there can be little ques- 
tion but that the origin of the cells is from 
that alveolar wall. However, when a cell 
mass appears to be connected to a vessel, 
the origin of the cells from the abutting 
alveolar wall can be verified, only by dem- 
onstrating that the alveolar reticulin does 
not he peripheral to the cell mass. 

Although it is the rule for peri- and 
paravascular silicotic nodules to take their 
origin from the alveolar wall or walls abut- 
ting the vessel, an occasional cell collection 
may be found in the perivascular space of, a 
larger vessel. Such anatomical disposition 
is readily verified by demonstrating that the 
cell collection lies between the vessel wall 
and the reticulum of the alveolar wall; also 
portions of the space may be demonstrable 


the 


distributed and the space may be only par- 


because cells are frequently loosely 
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Instances it 


tially occupied. some has 
been possible to demonstrate one cell collec 
tion within a perivascular space and another 
outside of the 


An interesting ap 


this space but attached to 
abutting alveolar wall. 
pearance is made by the occasional nodule 
which, springing from the alveolar wall 
abutting a large, essentially empty perivas 
cular space, bulges. into, and involves ad 
joining air spaces. 

As the number of cells increase and the 
nodule enlarges, its reticulin fibers thicken 
irregularly. Ultimately the lateral or arcu 
ate branches become thicker than the radial 
the 
arcuate branches become maximally thick 


ones. If most peripherally situated 
ened, as is often the case, a delimiting outer 
membrane is simulated, 

It is a common as well as an interesting 
and highly significant observation that ani 
mals which had been exposed to, or injected 
intratracheally with, quartz silica dust and 
which had died of intercurrent pneumonia 
failed to demonstrate the presence of sili- 
cotic nodules at a time when the lungs -of 
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hig 10 Rat 3748 
Killed three months after 
the intratracheal myection 
ot 47 meg. quartz silica 
There are two fair-sized 
noxlules one peri 
vascular, whereas — the 

other 1s intraalveolar ; 

remote trom 
The alveolus to the right 
of the perivascular nodule 
shows a small cell collec 
hon on the wall tacine 
the nodule. Another small 
cell collection 1s present 
above and to the right 
of the alveolar nodule but 
separated trom the latter 
by a shit-like remnant of 
an air space. Hematoxylin 
and eosin; reduced about 
I8% from mae. 308 


Fig. 11.—Rat 3748. A 
moderate silica content of 
the nodules is demon 
strated in this composite 
picture of the above; re 
luced about 15% from 
mag. 308 
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Fig. 12—Rat 3748. The 
reticulin pattern of the 
above shows the lack of 
a peripheral delimiting 
membrane and 
sentially radial fiber ar- 
rangement in both nodules 
This is characteristic of 
early silicotic nodules and 
suggests the origin from 
alveolar walls. Similar 
radial fiber arrangements 
are noted in the separate 
small cell collections noted 
in Figure 10. Gordon and 
Sweet method; reduced 
about 18% from mag 
308 


Fig. 13 Rat 3724 
Killed after three months 
exposure to quartz in an 
inhalation chamber. There 
paravascular collec 
tion of small cells witl 
equivalent cellular thick 
ening of the other walls 
of the abutting alveolus 
and this 1s associated wit! 
an appreciable reductior 
in the size of the air 
space. Hematoxylin and 
eosin; reduced about 18% 
from mag. 440 
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cage mates subjected to identical expert 
mental conditions contained numerous well 
developed cellular — but noncollagenized 
silicotic nodules. 

After intratracheal injections of silica im 
rats, depending upon the dose and the par- 
ticle size of the injected dust, silicotic 
nodules usually develop with greater rapid 
itv. than is the inhalation 


case with the 


technique. However, the vast majority of 
the nodules are not peri- or paravascular 
but seem, instead, to originate from the 
walls of air spaces remote from vessels and 
to occlude those air spaces by their bulk. 
Typical peri- and paravascular nodules tend 
to appear after alveolar nodules are already 
partially collagenized, 

The 
ated 


intraalveolar  silicotic situ 


blood 


vessels which develop after intratracheal 


nodules 


away from the proximity of 


silica injections appear to have structural 
patterns very similar to those of the peri 
first a 


or paravascular ones. There is 


ragged collection of small, nondescript cells 


springing from an alveolar wall and bulging 


hig. 14.—Rat 3724. The 
composite photomic 
rograph of the above dem 
unusually 
heavy silica content of the 
involved tissue. The ma 
terial in the air space to 
the left is artefactual; re 
duced about 15% 
mag. & +40 


onstrates an 


into the alveolar lumen. Such a cell collec 


tion contains a network of reticulin fibers 
which are, in the main, oriented radially and 
run from the alveolar wall toward the center 
of the air space. With further development 
lateral branches become numerous, thicker. 
and consequently more prominent, so that 
the initially radially oriented pattern ts 
quickly lost. Such cell collections generally 
contain larger amounts of silica than has 
been found in peri- or paravascular nodules. 
This difference in silica content 1s due to 
the fact that heavier concentrations of silica 
develop in the air result. of 


intratracheal injections than is the rule with 


spaces as a 


the inhalation technique. 
The identification of the cells within some 
nodules may be very difficult. Some of the 


cells resemble lymphocytes morphologically 


but do not fit in this category functionally 
because of their association with abundant 
reticulin fibers. A perivascular lymphocytic 
“cuff,” 
infected 


RI Ry 


“collar” or for example, as seen in 


animals 


intratracheally with the 


avirulent strain of tubercle bacillus 


¢ 
ae 
: re 
mst 


characteristically contains very few reticulin 
fibers and it is delimited peripherally by 
the reticulum of abutting alveolar walls. 
In some early silicotic nodules the resem- 
blance of many cells to lymphocytes is ac- 
centuated by the absence of discernible cell 
walls so that the nuclei to lie in a 
cytoplasmic matrix. However, such constit- 
uent cells are 


seen to have well-detined 
cell boundaries and an abundance of cyto- 
plasm when the nodules are associated with 
severe interstitial edema. 

This is not meant to imply that lympho- 
cytes may not contribute to the formation 
of a silicotic nodule. In some animals few, 
if any, lymphocytes are found within. sili- 
cotic nodules, whereas in other animals an 
appreciable number are present. The lym- 
phocytes may be distinguished by the slight- 
ly deeper basophilism of the nuclei, by the 
fact that the nuclei are more uniform in 
appearance and tend to be clustered in 
tighter groupings, and, finally, by the facts 
that the reticulin framework exhibits lacu- 
nae at their 


site and that no mineral is 
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Rat 3724. The 
pattern of thie 
clearly demon 
strates a radial arrange 
ment of reticulin” fibers 
and the absence of a 
peripheral delimiting 
membrane. It would not 
he dithcult to visualize th 
complete obliteration ot 
the air space by further 
cell proliferation The 
paravascular nodule so 
tormed would then pos 
sess a peripheral delimit 
ing membrane represented 
by the reticulin 
work of the 
alveolus 
Sweet 
about 

40 


Fig. 15 
reticulin 
above 


frame 
obliterated 
(gordon ane 
method; 
18% 


reduces 


from oma 


demonstrable the region occupied by 
these cells. 

The silica content of the nodules is ex 
ceedingly variable for no discernible rea 
son. A few of the early nodules contam 
very little silica demonstrable by the method 
used in this study. Others contain rela 
tively large amounts. Although the outlines 
of the silica aggregates within alveolar de 
bris and within alveolar macrophages fall 
within the 


structures, no 


accurately outlines of these 


such correlation exists in 
regard to the cells within the nodule and 
their ash pattern. Some of the silica masses 
cover areas as large as 50p to 70m in diam 
eter without betraying the outlines of the 
that are within 
Furthermore, there are a number of small 


cells present such areas. 
foci, 154 to 25 in diameter, in which no 
cells are seen, only a more or less homo- 


geneous matrix; yet silica is demonstrable 


in these foci. Reticulin fibers in many, but 


not all, instances tend to pass around, rather 
than through, such acellular dust-rich foci. 
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A. similar relationship between the acid 
insoluble-ash pattern and associated cells ts 
found in 
that 


the mixture of debris and cells 
Here the 


cellular outlines are generally obliterated 


often fills the air spaces. 
and the ash pattern extends to the very edge 
of the alveolar mass, also giving no indica 
tion of the individual cellular components. 
In contrast, the presumably viable, although 
often greatly swollen, single alveolar macro 
phages contain a rounded silica mass which 
occupies only a portion of the cell and usu 
ally permits a peripheral rim of cytoplasm 
to be seen im the composite photomicro 
graphs. The acellularity of a few mineral 
rich foci within some of these silicotic 
nodules suggests that a portion of the silica 
within such a nodule may be extracellular, 


even when the nodule is very immature. 


Comment 


The small and perivascular cell 


collections noted in the lungs of 


para 
rats ex 
posed to quartz silica dust for periods from 
one to four and a half months have been 
interpreted here to represent early silicotic 
nodules for two reasons. Transitions from 
these minimal cell collections to larger col- 
lections and finally to typical silicotic nod 
ules, immature to be sure, were observed in 
animals exposed to the dust. Such transi 
tions were more strikingly in evidence in 
animals had intratracheal 
injections of quartz silica dust three months 


which received 
prior to death. Secondly, silica dust aggre- 


gates were demonstrable in many of the 


cell collections and nodules studied. 

It has recently been pointed out that the 
so-called “perivascular lymphatic space” in 
pneumoconiotic lungs is a misconception.* 
Anatomically this space is not a lymphatic 
channel but, instead, represents a forceful 
separation of perivascular tissue elements 
by edema fluid. The peripheral limit of 
such a space is formed by the reticulum 
and other components of abutting alveolar 
walls. 

The a delimiting reticulin 
membrane at the periphery of those early 


absence of 


Gross et al 


siheotic nodules that 


are represented by 
or perivascular cell collec 
tions clearly indicates that these cells are 


the small para 


not situated in a space between the vessel 
and the alveolar wall but, instead, these cells 
are part of the alveolar wall and are situ 
ated within the air spaces. 

The fact that the small collections of cells 
which constitute the early silicotic nodule 
are not situated blood 
against the tenet 
that the cells originated elsewhere and had 
infiltrated the 


between vessel and 


alveolar wall also argues 


so-called “perivascular lym 
Since the early silicotic cell 
collections are situated within air spaces and 
since they appear to be a part of the alve 
olar wall it seems reasonable to believe that 
the early 


phatic space.” 


siheotic nodule is formed by 


a focal proliferation of 
This interpretation is 
strengthened by the demonstration of sim 


cells normal to 


the alveolar wall. 


lar early silicotic nodules projecting into 


air spaces and attached to 


alveolar walls 


that are remote from blood vessels. 

The possibility that the early stlicotic 
nodule in the form of a cell collection upon 
an alveolar wall is 


actually merely an 


gregationy of desquamated alveolar macro 


ag 
h: 


phages need not receive serious considera 


tion for two reasons. In the first place. 


aggregated desquamated alveolar macro 
phages are large and the cell walls generally 
remain distinct until necrosis occurs: 


whereas in the young silicotic nodule the 
cells are small, often not much larger than 
lymphocytes, and definite cell boundaries 
are commonly difficult: find. 
except 


madly 
for the infrequent instance when 


alveolar plugs 


composed of debris and 
macrophages undergo organization, reticulin 
fibers are not encountered in aggregations 
of alveolar macrophages, whereas the pres 
ence of a well-defined pattern of reticulin 
fibers is an early and characteristic feature 
of the very young silicotic nodule. 

The failure to demonstrate silicotic nod- 
ules in pneumonic lungs when the nonpneu- 
monic lungs of cage 


mates contained 


numerous well-formed but noncollagenous 
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nodules suggests that the lesions are. still 
this 


remarkably complex 


reversible at stage. In view of the 


reticulin) pattern of 
many nodules this may seem = surprising. 
Apparently the reticulin fibers may be com- 
pletely resorbed and the cells comprising 
the nodules set free. The clustered, often 
degenerated, macrophages observed in air 
spaces adjoining some small vessels in some 
of the pneumonic lungs studied may have 
had such an origin. 

The role that lymphocytes play in_ the 
silicotic nodules is a 


formation of matter 


for conjecture. It is extremely doubtful 
that a lymphocytic focus is necessarily the 
determinant for the localization of a silicotic 
nodule as has been suggested.” However, 
this is not to deny that silicotic nodules may 
and do form in preexisting intrapulmonary 
lymphoid tissue. It seems probable that the 
lymphocytic component (when it is present ) 
of silicotic nodules is generally an admix- 
ture that develops after the cell proliferation 
in response to the silica dust has become 
The lack of 


tissue in the lung parenchyma of guinea 


well established. lymphoid 
pigs and rats raised under “germ-free” con- 
ditions also suggests that intrapulmonary 
lymphocytic tissue is an infiltrate which 
develops secondary to antigenic stimulation, 


The following is a new concept formu- 


lated partly on the basis of the observations 


here recorded: A large variety of irritants 
will cause the proliferation of alveolar cells. 
With 


framework of the alveolar wall develops 


continued irritation the reticulin 
short, branching collaterals, giving the effect 
of arborescence.!” Usually this prolifera- 
tion 1s followed by swelling and desquama- 
tion of the cells. I-xposure to certain dusts 
such as those of silica and china clay results 
not only in cell proliferation with subse- 
quent desquamation but also in focal cell 
proliferation without desquamation ( wheth- 
er the cell involved in the latter is the 
alveolar lining cell or a different, mesen- 
chymal, cell is not clear). The non-desqua- 
mating, proliferating cell foci lead to the 
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development of interstitial dust such 
as silicotic nodules and clay deposits. 
The distinctive architecture of the sili- 
cotic nodule is brought about by a combina- 
tion of circumstances which include (1) the 
peculiar ability of crystalline silica particles 
to provoke the formation of collagen fibers; 
2) the tendency of silica particles to be- 
come extracellular by causing the death of 
those cells which engulf them; (3) the 
centrifugal movement of extracellular silica 
particles to the periphery of a nodule, lead- 
formation of 


ing to the progressive new 


inflammatory tissuc there and hence caus 
ing progressive enlargement of the nodule." 

In contradistinction, the interstitial clay 
deposits tend to remain static for the fol- 
lowing reasons: (1) the china clay particle 
(kaolinite or aluminum silicate) has only 
an extremely limited potential to provoke 
the formation of collagen fibers; (2) china 
clay particles within a dust depot are, al 
most without exception, intracellular and 
are likely to remain so because the cells 
that contain these particles, although en 
larged, do not appear to be otherwise dam 
aged; (3) the clay particles are not subject 
to transport as long as they remain in 
intracellular position. 

Hulse '* has described a focal prolifera 
tion of alveolar cells in connection with pul- 
monary coal dust depots which is identical 
to the alveolar cell collections described here 
except that Hulse’s concept includes a par- 
tial encapsulation by a thin surface layer 
of epithelial cells. Luchtrath,? working with 
mullite, an aluminum silicate, on the other 
hand, concluded that intrapulmonary dust 
deposits were formed by a tight approxi- 
mation to the alveolar wall of closely aggre- 
gated, dust-filled, desquamated macrophages 
which subsequemly became overgrown by a 
thin layer of epithelial cells. The possibility 
of such a development cannot be denied, 
particularly since a similar organizing proc- 
ess has recently been noted in alveolar sili- 
cotic debris.'' However, the very early 
stlicotic and kaolinite nodules studied here 
indicate an origin by a focal proliferation 
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ot alveolar cells which do not desquamate, 


as postulated by Hulse,'? who must be 
given priority for having originated this 
concept, 

The manner in which silica particles gain 
entrance into the lung tissue, like much of 
the foregoing, has not been observed di 
rectly and can only be the subject for con 
jecture, It is believed, however, that. silica 
particles may and do penetrate into” the 
pulmonary interstitium without the aid of 
cells." experiment per 
formed under admittedly artificial condi 


tions demonstrated a massive penetration of 


phage ic 


naked carbon particles into lung tissue and 
the that 
respiratory excursions of the alveolar walls 


formed basis of the conclusion 
and fluctuating respiratory pressures were 


important factors in the penetration of 


particulates into the lung interstitium.® 

The perivascular localization of silicotic 
nodules is probably related to lessened 
ability of alveoli in the immediate vicinity 
of vessels to clear themselves of particu 
lates." The reasoning behind this sugges 
tion is based on the finding of macrophagic 
accumulations in the air 


spaces situated 


about rigid structures) such as vessels, 


bronchi, sears, and thickened pleura.’ The 


presence of a developing nodule will simi 
larly tend to favor the accumulations of 
more dust. 


Summary 


The lungs of rats exposed to quartz silica 
dust for one to four months exhibited para- 
and perivascular collections of 
small cells. 


relatively 
varied in size 


and were identified as very early  silicotic 


The collections 


nodules by the fact that they contained 
silica. 

l‘'rom the demonstration of a radial pat 
tern of reticulin fibers and the absence of 
a peripheral delimiting reticulin membrane 
in many early nodules it was concluded that 
the nodules arose from the alveolar walls 
abutting the vessel and that the nodules did 
not lie in a space between the adventitia of 
the vessel and the alveolar walls. This con- 


Gross et al 


tradicts the belief that as a rule. silicotic 
nodules are formed by the influx of. silica 
bearing phagocytic cells into perivascular 
spaces 

The nodules that developed secondary to 


intratracheal injections of silica were pre 


dominantly intraalveolar and were generally 


attached to the walls of air spaces remote 
from vessels. The pattern of the reticulin 
fibers was very similar to that of the para 
and perivascular nodules, thus reinforcing 
the conclusion that neither migrating phago 
cytic cells nor perivascular spaces were 
significant factors in the genesis of silicotic 
nodules. 

Since the above observations and con 
clusions are incompatible with the presently 
held pathogenetic concept of silicosis, a new 
concept is formulated. This new concept 
is based on the tenets that. silica particles 
penetrate into the lung interstitium without 
the aid of wandering phagocytes and that 
silicotic nodules are initiated by the pro 
liferation of cells upon the 


alveolar wall to form cell clusters that sub- 


within or 


sequently enlarge and become collagenized. 


The preparation of the slides’ was done by Miss 
Ethel B. Tolker. 
Mellon 


Institute (13) 
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Glass Microspheres as Inhalation Tracers 


Vv. ALEXANDER GORDIEYEFF, Ph.D.,; Army Chemical Center, Md. 


Penetration, retention, and distribution 
of the inhaled solid particles in the respira 
tory system have been studied extensively 
( Forbes,! lindetsen,? Schiessle *). In spite 
of this, the mechanics of penetration and 
retention of such particles are poorly un 
derstood. The goal of this study was to 
develop an inhalatory tracer useful for in 
vestigations of absorption of solid particles 
in the respiratory passages. 

Such a tracer had to meet the following 
specifications: 

(a) It should be insoluble in 
that it 


from the original loci of deposition, 


aqueous 
media so would not diffuse away 
(b) Its shape or color should be charac 
teristic enough to make the particles easily 
distinguishable from the tissue background. 
(c) It should be chemically stable so as 
to make its quantitative recovery from the 
digested or incinerated tissues possible. 
(d) It should be easily dispersible in air 
in the form of fine particles. 
Accepted for publication March 5, 1958 
Chemical Warfare Laboratories, Directorate of 
Medical Research. 


+ Dr. Gordieveff died on April 30, 1958 


(e) It should be biologically inert so as 
not to cause any marked changes in_ the 
respiratory pattern during exposure. 

Different fluorescent materials ( Yagoda,* 
Dautrebande,® Sawyer ®), dyes (Elson 
metallic dusts, ete., have been used as tracer 
aerosols. Efforts to use such tracers gave, 
in these Laboratories, unsatisfactory results 
dusts of desired 
health hazards 
which could not be tolerated under the op 


The use: of radioactive 


characteristics has created 
erational safety rules. Thus, it was finally 
decided that glass microspheres might be 
the best Such 
have been used in many physical and some 


tracer candidate. spheres 


tnological (Tobin investigations involy 
ing studies of properties of small particles. 
The technique of their preparation, in a 
wide spectrum of sizes, has been fully de 
veloped and described 


quist,!” Wilson 


(Sollner,* Bloom 
Their spherical shape 
and their optical properties inake it possible 
to distinguish them from the tissue back- 
ground under a light or electron microscope 
(Tig. 1). They are not affected by most 


chemicals and can be easily recovered fron 


hig. l-~-Eleetron micrograph of glass 
nucrospheres against the background of lung 
tissues of «a guinea pig ( 3000) 


A. 


Fig. 2—Apparatus for glass sphere production 
{F, compressed air line. /), dust dispenser. /)L, 
dust level. F, flame. C, collecting drum. H’, water 
supply. FT, filter. 4, compressed fuel gas line 
FD, fritted disk. B, blast burner. O, inlet to col- 
lecting drum. LL, cooling coils (water). P, exhaust 
pipe. 17, vacuum line. R, regulators (pressure and 
flow). 


a digested or incinerated tissue. Their con 


centration can be determined accurately 


even at a low level, especially if a metal 


oxide is added to the glass melt. Cobalt. 


nickel, uranium, and silver are easily dis- 


persible in molten glass and can be deter 
mined spectroscopically in minute amounts. 


Experimental 


1. Preparation of Glass Microspheres.—The ex- 
perimental set-up for production of glass micro- 
spheres is represented in Figure 2 and is essentially 
identical with that literature 
(Bloomquist,” Wilson”). The system consists of 


described the 


a high-temperature burner, B, whose flame is main 
tained by a mixture of gas (4) and air (AF) 
The air stream is fed before entering the burner 
into a glass powder dispenser, ). The dust particles 
melt in the blast flame forming spheres on cooling. 
The spheres enter a collecting drum, C. The drum 
is cooled by water circulating in the coil, L, sur- 
rounding the collector. A large portion of particles 
precipitate spontaneously in the drum or in the 
cooled exit pipe, P. 
air borne past this pipe, are collected in the filter, 
FT, placed at the exhaust end of the system. The 
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exhaust end is connected either to a vacuum line 
or to a heavy-duty vacuum cleaner. 

The glass dust charged into the dispenser, /), 
was previously ball-milled in a standard laboratory 
steel ball mill (Fisher Scientific Co.) for periods 
of four to six hours. The glass material was the 
Corning Pyrex Glass 774 (rods or tubing). (Soft 
glass was found. to be unsatisfactory 
melted 


since the 
spheres contained enclosed air bubbles.) 
The milled dust was dried in a vacuum oven at 
110 C for 12 to 14 hours and then sieved through 
a wire The 


with a 


screen of 325 mesh number. dust 


dispenser was a_ cylindrical container 


sintered glass disc of located 


medium porosity 
slightly above the bottom of the cylinder. The air 
flow was maintained at the rate of 300-600 ml/min 
thick 


At the later stage of 


The dust was placed in a layer about 34 in 
over the sintered glass disc. 
the study the dry dust dispenser was replaced by 
a slurry atomizer (Fig. 3). The glass dust was 
worked with water into a slurry and then dispersed 
by a turbulence produced by air jet (.V) impacting 
on a flat metal plate, P. The wet glass particles 
had the advantage over the dry dust grains that 
they were not easily electrified and the material 
losses could be reduced considerably 

When in the course of this study it was neces 


sary to prepare larger amounts of glass spheres, an 


Fig. 3—Slurry atomizer. A, air supply. 2, 
stainless steel tubing. NV, air outlet. 7, screw 
closing the tubing, R, and connecting the plate, /’, 
to the tubing. S, rubber stopper. F, flask (21 cap.) 
P, copper plate, bent 90 degrees. /, slurry level. 
aerosol outlet. 
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hig. 4.—Dhist 
baffle slits. C 
connecting bolts 


separator, <1, dust-air inlet. S, 
collectors (impaction plates). /), 
I”, bleeder valve. M, brass cyl- 
inder body. O, dust-air outlet. P, baffle plates 
(separators). \, connecting nuts B, bleeder out 
let. #, aerosol filter. YN, separable sections 


appropriate Wright dust feed was used in place ot 
the dispenser (Wright’). 

2. Collection and Separation of Glass Micro 
spheres 


The microspheres formed from the blast 
the exhaust pipe, ?, or the filter, /7, were scraped 
off the 
water 


flame collected in the cooling drum, C 


collecting with 


The collected spheres were polydisperse 


surfaces or washed out 
and contained many large particles and often larger 
fragments of unmelted glass dust. It was necessary 
to eliminate these large particles by fractionation 
\ dust 
J 


this purpose 


fractionator—originally designed by Dr 


Trurnit of these laboratories—was used to 
Figure 4 shows a diagram (the draw 
ing is not to scale) of this 
the 


better-known cascade impactor, i. e., size 


The in 
the 


fractionator 
strument works on same principle as 
frac 
tionation is achieved by inertial impaction of dust 
particles with a stepwise increasing velocity against 
a series of impaction plates. The fractionator con- 
sists of a brass cylinder (about 10 in. tall and 3 in 
in diameter) ; the cylinder has six detachable sec 
tions, VY, held together by three bolts, ), attached 
to the end cover plates of the cylinder by nuts, V 
The sections consist of a baffle plate, P, 
central orifice, S. 


with a 
The orifice diameter decreases 
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stepwise 
first 


from plate lo plate The diameter of the 


orifice is 5 mm.; of the second, 2 mm.: o 
the third, 1 mm.; of the fourth, 0.5 mm 


the fifth 


, and ot 


and last, mm. Glass microspheres 


collected from the production assembly (Fig. 2) 


were placed into a dust dispenser or a slurry 


atomizer—similar to those represented im Figure 
the 


through the inlet, .4 


Figure 3—and fed in air stream entering 


The dust 
Was projected through the orifices, S 


the tractionator 
laden all 


onto the battle plates, I 
the 


The coarsest partie les 
the 


Spheres too fine 


are impacted on first while ther 


spheres 


plate 


plates collect the finer 


to be n tercepted hy the last stave are collected on 


the fine filter, I}, at the outlet of the fractionator 


In the case where collection of the finest particles 


was not desired the filter and the last plate were 


by passed by directing the air stream through the 


bleeder, B, controlled by the valve, | 


It is possible to break down a dust cloud by 


repeated fractionation into classes of sharply de 


fined and to finally fairly 


homoge 


size produce 
material. Unfortunately, this tedious 
etfort as 
Thus, it 


Was necessary to forego the principle ot homoge- 


operation required too much time and 


compared with meager material vields 


neity and to use a material with a wider-size 


spectrum but available in a large mass. This goal 


was achieved by combining fractions collected on 


the second and third or the fourth and fifth plates 


of the fractionator. These fractions were relatively 


free of very large particles (spheres above 20g 


in diameter) and unmelted glass dust fragments: 
they could be collected in gram quantities and could 
be characterized in terms of their 


size ranges, 


median mass diameters, ete 


Fractionation of the 


glass 
This 


thermostated 


freshly collected 
spheres by sedimentation was also attempted 
tall 
cylinders of large dimensions (3-4 in. in diameter) 
tilled \ddition of 
(0.1% 


sodium phe sphates or 


operation was carried out in 


with water 


0.2%) of 


small amounts 


surface-active agents (like mixed 


sodium pyrophosphate ) to 
the sedimentation slurry improved and accelerated 
the size separation. This procedure was also slow 
and showed low material vields 

3. Disperston of Spheres 
collected on the plates or on the filter of the dust 
otf 


water 


Glass microspheres 
the 
The 


could then be removed by slow evaporation in a 


fractionator were either scraped plate 


surface or washed out with water 
vacuum oven kept at 85 C and the dry dust trans 
ferred into a dust dispenser for dispersion into an 
exposure chamber. 

It was later found, however, that better disper 
sions could be prepared by spraying the original 
water-spheres suspension from a slurry atomizer 
(Fig. 3) directly into the exposure chambers. In 
this way losses of the material due to electrifica- 
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tion occurring during dispersion of a dry dust were 
reduced. Since the water of the dispersion phase 
evaporates extremely fast from the spray, especially 
if it passes over a drying tray filled with some 
hygroscopic material (H2SO. or P:Os) before 
entering the chamber the microspheres admitted 
to the chamber are completely dry. This “wet” 
method of dispersion was eventually emploved for 
all animal experiments reported in this paper. 

4. Exposure of The exposure 
~hambers were cylindrical glass jars—l2X12 in 
tor smaller animals and 12X24 in. for the larger 
ones. The open top of the jar was sealed off tightly 
with a square plate of Masonite or Lucite fitted 
with a rubber gasket 


Animals. 


The dusty air was admitted 
through one opening in the cover, while fresh air 
fed through the 
excessive accumulation 


was other one to prevent any 


dioxide — and 
A third opening was used for sampling 


oft carbon 
moisture. 
of the atmosphere. The exhaust opening was fitted 
with a aerosol. filter made 
cloth, glass wool, and 
shredded cellulose to prevent contamination of the 


low-resistance of 


alternate layers of fine 
laboratory air with glass particles. 

After the experimental animals were placed in 
the jar, the cover plate was tightened by three 
bolts connected to a similar plate at the bottom end 
ot the jar. 


maintained 


The dust feed was then turned on and 
until the chamber 
carrying a fairly dense aerosol. 


atmosphere was 
the 
fresh air 
was allowed to enter the chamber to maintain a 
gentle circulation of the atmosphere. The dust feed 


Then 
was turned off and a minute amount of 


feed 


was turned on every half-hour to prevent excessive 
thinning out of the 
eight 


cloud. In exposures lasting 
fed 
continuously at a reduced flow rate. Samples were 


in excess of hours the aerosol was 
taken every hour during the exposure 

After the exposure was completed, the animals 
were immediately killed (either by a quick blow 
on head or by a pentobarbital [Nembutal] injec- 
tion); their organs, especially the lungs, trachea, 
stomach, esophagus, and sections of the nasal and 
buccal and examined 
immediately or quickly frozen and stored under 


refrigeration for a later examination. 


membranes, were removed 


5. Recovery and Estimation of Retained Dust. 
To estimate the total retention of dust in an organ 
or a part thereof (lung, lung lobe, trachea section, 
bronchus, etc.) it (1) 
the tissue if its structure was obscuring or inter- 


was necessary to destroy 
fering with measurements of particle diameter and 
particle count; (2) to recover quantitatively all 
glass spheres present in the organ or its part; (3) 
to determine the total particle number and_ the 
particle size distribution in the recovered material. 

Acid digestion was applied to tissues carrying 
the minute glass spheres since they would be af- 
fected by a strong alkali. A modified Kjeldahl 
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digestion procedure was found to be successful 
In this method the organ was placed in a Wkyeldahl 
digestion flask of a suitable capacity, and cooled, 
and added 


fully. for 


concentrated sulfuric acid 
The 
depended on the size, weight, and character of the 
tissue matter. A 10 12 times 
the estimated weight of the organ was satisfactory 
soft If the 
cartilaginous, an excess of acid up to 25 times the 
The flask’ with 
the sample was placed in a sand bath; 1-2 ml 
3% 


the mixture 


Was care 


amount of acid used digestion 


weight of acid lo 


for digestion of tissues. tissues were 
weight of the tissue was required 
ot 
hydrogen peroxide was carefully added, and 
was heated at 309 C until the tissue 
was dissolved. Small amounts of hydrogen peroxide 
were continuously added to the mixture during the 


In 


the case of the lung tissue the process was usually 


period of digestion to accelerate the reaction 


completed within 40-50 minutes. 
ot 


The completeness 
of the 
mixture and formation of a colorless solution. The 


digested solution was cooled in tap water and then 


digestion was indicated by clearing 


in a water-ice bath. Enough of cooled concentrated 
added to. the 


solution to neutralize the acid to the phenolphthalein 


ammonia was slowly and carefully 
end-point. This step was necessary for a complete 
recovery of the glass spheres, which tend otherwise 
to adhere to the flask. 
tion they separate from the wall surfaces and can 
the 


In a slightly alkaline solu 


be completely washed out of digestion flask 
lf the 


small, it was diluted with water to a mark indicat 


the amount of neutralized solution was 
ing a definite volume (usually 10 or 15 ml.), shaken 
vigorously, and small aliquots (0.1-0.05 ml.) taken 
and placed on glass slides. The particles present im 
each aliquot were measured and counted under a 
Table 1 
distribution throughout the dispersion is uniform 


If 


large, it was transferred to a graduated centrifuge 


light microscope. shows that the sphere 


the volume of the neutralized solution was 


tube; the flask was washed with diluted ammonia, 
the added to the 


centrifuged at high speed for one hour 


tube and 
Then the 


supernatant liquid was withdrawn; diluted ammonia 


washings centrifuge 


Taste 1.—Glass Microspheres Recovered from a 
Digested Rat Lung Section 


Number of Spheres per Aliquot 


Size, 0.3-0.8 0.8-1.2 1.2-2.0 
Aliquot No. 
Aliquot No. % 
Aliquot No. 4 
Aliquot No. 
Aliquot No. 


705 
695 
673 


675 


Total volume of digested solution 35 ml 


Volume of aliquot 0.1 ml. 
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was added to a desired volume, the centrifuge tube 


virgorously shaken, and small aliquots pipetted oft 
lor examination 
kor particles larger than lg in diameter, size 
measurements and particle count can be made under 
a light microscope as long as the sample does not 
crystallize. If the sample dries, crystals of 
appear and obscure the 


is enough, however, in 


an 


sultate 
particles It this case to 
add a droplet of distilled water to redissolve the 
rystals and make the spheres visible again 

\ complete 


glass 


count of recovered spheres by the 
optical microscope only is usually misleading, and 
electron 


nucroscopic i necessary 


Fig. 6 
i rat lung (x 5000) 
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Electron micrograph of glass microspheres recovered from 


TRAC 


hig. 5.--klectron micrograph of glass micro- 


spheres recovered from digested lung tissues 01 
1 rat ( 2400) 


Since such an experimentation is carried out m a 


an aqueous sample loses the liquid 
covered witl 


high vacuum, 


and becomes crystals of ammonium 
sulfate. To remove the interfering crystals, tiny 
aliquots of the digested and neutralized solution 


were placed over a fine film of collodion supported 


by the standard 


wire discs used in 


( Wvekott “) 
discs were floated over 
distilled water The 


slowly but 


the electron 
The tlm 
a large volume of 
ammonium sulfate 
completely by 
while the 
the dry side of the 


micrographic 
and the 


technique 


residue 
was removed diffusion 
through the membrane, glass spheres 


film. After the 
diffusion was completed, the discs were picked up 


were left on 


a digested section of 


ge 
be 
*, 
i 
| 
a 
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Fig. 7.—Electron micrograph of a glass micro 

sphere found in a tracheal section of a rat. Back- 
ground, ash residue after microimeineration 


(xX 4000). 


dried, and examined in an RCA table model 
microscope (Figs. 5 and 6). 


6. Examination of the Inhaled Dust “in Situ.” 
Two methods were used for examination of glass 
microspheres in situ, 1. €., in intact tissues of the 
respiratory system. 

In the first method the respiratory organs were 
removed from the killed animal and 
examination, 


using the 


for optical 


sections were cut with a 


microtome, 


standard, frozen-section 


technique. Finer sections were cut, for electron 
microscopic examination, using an ultramicrotome 
Cut sections were not allowed to uncurl in water, 
since this part of the usual technique invariably 
caused losses of spheres, but were mounted directly 
on a slide coated with a diluted (1%) solution 


Fig. 8—Electron micrograph of glass 
mircospheres in the Ash-residue of in 
cinerated lung tissue of a rat (x 2400) 
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of Formvar in ethylene dichloride. 
evaporated 


This 
without any ap- 
preciable loss of glass particles. The tissue sections 
embedded in the film were flat enough to permit a 
satisfactory microscopic examination. 


rly ent 


almost immediately 


For electron 
particles below 1.0 
diameter, much finer sections had to be prepared 


microscopic count involving 
by means of an ultramicrotome (Fig. 1) 

The other procedure was an adaptation of the 
well-known method of microashing of 
(Glick 5u-25u thick, were 
mounted on a glass slide as described above. The 


tissues 


Frozen sections, 


slide was then placed in a special combustion boat 


and gradually moved into a hot (650 ©) Hoskins 
combustion furnace. A flow of air or 


Oxygen over the specimen accelerated the ashing 


gentle 
process. For the electron microscopic examinatior 


the tissue was mounted on a standard wire dis« 
covered with a Formvar film, mounted on a deposit 
of silica evaporated previously 
shadow-casting apparatus 


and the 


onto it the 
Upon ashing, the tissue 


Formvar film 


while the 
support 
specimen ashes and microspheres (Figs. 7 and &). 
Colored 


disintegrate, 


evaporated quartz film remains to 


glass spheres were also tried. Such 
spheres were prepared by mixing powdered Pyrex 
glass with oxides of iron, cobalt, or both. The 
fused in a melting 


and ground to a fine powder. 


mixture was furnace, cooled, 


The spheres were 
then prepared in the manner described above. The 
resulting microspheres were red, blue, or black 
While their color was distinguishable in particles 
above 1.54 diameter, the smaller spheres appeared 
transparent under a microscope 


Equally disappointing were experiments per 


formed with fluorescent spheres prepared by adding 
fluorescent 


materials (uranium, zinc, or cadmiun 


salts) to the glass melt. The sphere fluorescence 


was often obscured by the natural background of 
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tissues, and, while the particle count was feasible 
in some cases, the size estimation was hardly 
possible 


Results 


Number 


The purpose of this study Was to develop 
an aerosol tracer and to test its applicability 
to the study of aerosol inhalation. It was 
not intended at this stage to collect any 
strictly quantitative data to the problem of 
penetration or retention of an insoluble 
solid aerosol in the animal or human lungs. 
The numerical data are presented im this 


part to prove only that the developed tracer 
can be successfully used studies con 
cerned with physical and physiological 


OS We 
3.2 10 


mechanism of respiratory penetration and 


retention of aerosols. 

Thus, Table 2 shows distribution of the 
inhaled spheres in a few experimental am 
mals exposed to the air-borne dust. The 
animals were killed simultaneously and the 


removed organs treated in an identical man 


ner. It should be noted that the divergence 


Particle Size, 


in the over-all aerosol retention and its dis 
tribution in individual animals signifi 
cantly large. A similar picture was found 


~ 
= 
= 
= 
~ 


190 10 


as a rule in animals of other species (ham 
sters, guinea pigs, and rabbits) tested during 
this study. 


Cildss 


Table 3 shows the aerosol data for two 


individual animals with more details, 1. e., 
distribution of the aerosol in the investi 
gated organs. Particles larger than 1.2, 


in diameter were estimated and counted 


Ree 


Number and Distribution of Particles Recovered from the Respiratory Organs 


under a light microscope; smaller particles 
were evaluated under an electron micro 
scope. It may be noted here that the exam 
ination of lung lymphatics failed to show 
any microsphéres. 


Animal 


An interesting feature of these data is 


a relatively large amount of tracer spheres 


her 


recovered from the digestive organs of the 
animals. It was also found that the lung 
tissue contained some remarkably large par- 


Experiment 


ticles. This point was investigated in detail 


Avrosol Concentration, mg m 


Exposure time 


by a microscopic study of the spheres in 
situ in the lung tissue. Particles in the 
diameter range 3.0u-4.0u were occasionally 
found in the alveolar regions of rabbit 
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TABLE 3.—Distribution of Recovered Glass Microspheres in the 


Animal No. 1 


No. of 
Particles 
nX 10 


Organ 
Total 


Nasal Passages 
Mouth_- 


12,475 
17,500 29,975 
Trachea_- 

Main Bronchi 


12,500 


13,500 26,000 


Left Lung: 
Lobus Superior 
Lobus Inferior 


85,500 


22,750 


Right Lung: 

Lobus Superior 
Lobus Medius 
Lobus Inferior 


75,000 
65,500 
35,600 175,100 
Esophagus 
Stomach and Duodenum 
Intestines (Small) 

Total 


66,780 
165,400 
54,500 
627,005 


286,680 


Aerosol concentration: 345 mg m 
Particle Number: 6.2 X 10 11/m 
MMD of the cloud: 1.54 
Exposure Time: 6 hr. 


tre- 
quently particles as large as 6.0u-7.0n, while 
the main bronchi and the trachea carried 
quite often particles in the 9.0p-12.0n range 
of The largest 
‘found in the lower respiratory organs of 


lungs. The smaller bronchi contained 


diameters. particle ever 
this species was 23 in diameter and was 


— aeroso. cLouo 


MMD 


A. ARCHIVES OF INDUSTRIAL HEALTH 
Orqans of Guinea Pigs 


Animal No. 2 


No. of 
Particles 
nx lw é 


MMD 


10.04 
2.800 


89,200 


5,750 
3500 


35.240 


23,700 
144,300 

43.500 
744,715 


201,500 


rabbit 
immediately below the tracheal bifurcation. 


located in the main bronchus of a 

The respiratory retention of a relatively 
large number of these bigger particles is 
responsible for the shift in the particle-size 
distribution the larger 


shown in Fig. 9) in the speetrum of re 


toward SIZES 


(as 


B — RECOVERED SPHERES 


Fig. %—Particle 
distribution in) chamber 
aerosol and recovered 
spheres 


T 
10 
SPHERE DIAMETER (MICRON) 


Mie 
* 
» “ 
3.1 1.49 7 
LS 1.94 76,500 Ls 10.27 
1.0 2.15 12,700 os 1.71 
11 13.68 45.500 1.0 6.11 
108,250 3.08 126,450 171,950 10 16.08 
0.75 11.96 | 
0.90 10.45 1.3 8.53 
0.95 5.68 164,500 0.6 4.7% 
1.6 10.65 1.2 3.15 
1.7 26.38 1.0 18.08 
13 11 5.84 
40 
30 
20 B 
B A 
A 
10 
° 
20 25 
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GLASS MICROSPHERES AS INHALATION 


Taste 4.—Total Lung Retention of Glass Spheres 
in Rats Estimated by Particle Count and 
Cobalt Analysts 


By By 
Particle Cobalt 
Count, Analysis, 

Mg. Mg. 


Aerosol 
Concentration, 
Mg/M.* 


Exposure 
Time, 
Hir. 


Animal 
No. 


165 0.685 
380 0.820 
115 
L.675 


475 2.165 2.555 


0.640 
O.810 
1.690 


Aerosol material: 1 melt 


containing 26.8°7 of Co (as metal) 


glass microspheres prepared from 


tained spheres as compared with that of 
the original air-borne dispersion. 

Cobalt glass spheres were used to cheek 
the reliability of estimation of the mass of 
this procedure, the 


retained aerosol. In 


sphere suspension recovered from digested 


tissue was analyzed spectroscopically 


the 


material 


cobalt Since 
metal in 


(26.8% of 


the content. amount of 
the 
Co) 
covered aerosol could be easily calculated 


Table 4 the this check. 


The data show a good agreement between 


glass was) known 


the total mass of the re 


shows results of 


the estimation obtained by particle count 


and the spectroanalytical results. 


Summary 


The results show that the described 
tracer aerosol in the form of glass micro 
spheres may be easily prepared, dispersed, 
and recovered from the respiratory organs, 
using previously developed methods with 
minor modifications. The developed tracer 
aerosol can be used for qualitative and 
quantitative studies of the mechanism of 
respiratory retention of — water-insoluble, 
solid aerosols. 

The technical assistance was given by Mrs. V. kK 
Kraemer, who has developed) many electron 
micrographic techniques applied in this study and 
who has prepared all the electromicrographs used 
Paul 


made contributions in developing the technique for 


in this investigation. Corp. Lauterbur has 


Gordieve tt 
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Th 


preparing 


and 
Set 


digestion recovery 


digested solution A. Payne Jr. has helpec 


this investigation in and fractionatine 


the spheres. 
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Storage of DDT and DDE in People with Different 
Degrees of Exposure to DDT 


WAYLAND J. HAYES Jr., M.D., Ph.D., Savannah, Ga.; GRIFFITH E. QUINBY, M.D., M.P.H., Dugway, 
Utah; KENNETH C. WALKER, B.S., Yakima, Wash.; JOSEPH W. ELLIOTT, M.S., Savannah, Ga., and 


WILLIAM M. UPHOLT, Ph.D., San Francisco 


Extensive use of the insecticide, DDT 
bis-( p-chlorophenyl)-1,1,1, trichloro- 
ethane], has resulted in varying exposure of 
those engaged in its manufacture, formula- 
tion, packaging, or application. Although 
people with occupational exposure are nu 
merous, they form only a small fraction of 
the population which is potentially exposed 
to residues in food. Evidence for the wide 
spread occurrence of dietary exposure was 
provided by Walker and his associates,’ 
who found small but measurable amounts of 
DDT and its metabolite, DDE [2,2  bis- 
( p-chlorophenyl)-1,1  dichloroethylene in 
all meals which they analyzed. 

Howell ® reported the storage of DDT 
derived material at a concentration of about 
17 parts per million (ppm) in the fat of a 
man with occupational exposure for four 
vears and a history of eating foods known 
to bear appreciable residues. 

Perry and Bodenlos ™ were unable to de- 
tect DDT in fats from 16 applicators whom 
they studied. Only a little later, however, 
Laug et demonstrated DDT ranging 
from 0.0 to 34 ppm (mean 5.3 ppm) in the 
fat of 75 persons with no special occupa 
tional exposure. They found no sex differ- 
ence in regard to the storage of DDT in 
adipose tissue but did find as high as 0.77 
ppm (mean 0.13 ppm) in human milk. Matt- 
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son et al.” presented evidence that DDE was 
deposited in human fat in slightly larger 
quantities than was DDT. Hayes et al 
found from 3 to 13 ppm of DDT (mean 
7.4 ppm) and from 5 to 26 ppm of DDE. 
(mean 11.2 ppm) in the fat of human vol 
unteers before the men began experimental 
exposure. 

A general review of the relevant litera 
ture * makes it clear that fat is the most 
important tissue for the storage of DDT. 
This is not surprising in view of the known 
solubility of the compound in fatty solvents 
and its practical insolubility in aqueous sol 
The DDT in the 


fat does not increase indefinitely during 


vents. storage level of 


continuous exposure but rather reaches a 
plateau characteristic of any particular level 
of intake. 


concentration of 


Not all species show the same 


storage when maintained 


on the same dosage. At any substantial 
level of intake, female rats store more DDT 
derived material than do males, but no dif 
ference is apparent at low levels of intake. 
A sex difference in the storage of DDT has 
not been demonstrated in other species. 
Study of groups of men who voluntarily 
ingested DDT at the rate of 3.5 to 35 
mg/man/day, respectively, showed that they 
reached equilibrium of DDT storage within 
a year.® The level of storage corresponded 
to dosage. No sex difference has been noted 
in human storage of DDT. Whereas a sex 
difference in this regard appears unlikely, 
it must be recalled that there has been no 
opportunity to study higher dosage levels 


in women. 


STORAGE OF DDT AND DDE IN PEOPLI 

Although much is known about the stor 
age of DDT and DDE in man, there has 
been no systematic survey to determine the 
storage of these materials in groups of peo 


ple with different degrees ot hetary and of 


occupational exposure to DDT. It seemed 


desirable that such a survey be made. 


Materials and Methods 


In order to obtain a base line, autopsy samples 
DDT were 
obtained from the University of Louisville Medical 
School 


taken and sealed before the advent of 


Biopsy samples of human fat were collected in 
1954, 1955, and to a 1956. The 


biopsies taken were incidental to corrective surgery 


small extent in 

Fat tissue from persons whose relative abstinence 
trom meat indicated a minimal dietary exposure 
to DDT were obtained from the Walla Walla 
General Hospital, Walla Walla, Wash 

Biopsies from persons with ordinary dietary 
habits and no occupational exposure to insecticides 
Public Health 
Hospital, Savannah, Ga, and from The 
Deaconess Hospital, Wenatchee, Wash. The latter 


hospital also furnished many samples from persons 


were obtained chiefly from the 


Service 


with incidental or occupational exposure to DDI 

In addition to the biopsies, samples were obtained 
from autopsies performed during the same period, 
1954-1956 


parison of DDT storage in various tissues and in 


The autopsy material permitted a com 
adipose tissue taken from different parts of the 


body. The recent autopsy samples were obtained 
through the kindness of the Seattle-King County 
Coroner, Seattle, and the Chelan County Coroner, 
Wenatchee 

In all instances, the size of 


was 2 gm 


fat samples sought 
or larger 

For the planned survey, each fat sample was 
blotted with gauze or paper toweling, weighed to 
0.01 


tetrachloride to 


the nearest gm., and stored in CP-grade 


carbon await analysis. In most 


instances in which it was possible to obtain a 


sample weighing 4+ gm 
subdivided 


or more, the sample was 
One portion was weighed and stored 
while 
other portions were weighed and stored in 10% 


in carbon tetrachloride in the usual way, 


formaldehyde, or frozen. These procedures per 


mitted a comparison of the effects of different 


methods of sample storage on sample weight and 
ultimately on reported content of DD T-derived 
material 

Those adipose and other tissues taken in autopsies 
at considerable distances from the chemical labora 


tory were frozen for convenience in storage and 


transportation. These samples were only partially 


thawed before subdivision and weighing. 


Haves et al. 


After 


lustory of exposure to DDT was obtained 


each biopsy specimen was procured, a 


The 
patient’s place of residence was recorded, partic 
ularly with regard to its location near factories or 
farms where insecticides were made pr. applied 
If the patient had contacts with DDT in the home, 
garden, or elsewhere, the frequency and duration 
of exposure and the character of the formulation 
were recorded. In certain hospitals treating pa- 
tients with special dietary practices peculiar to their 
religious group, a careful dietary 


history was 


obtained. Each case was then classified according 
to its lustory and placed in one of the following 
arranged im order ot 


categories, increasing eX 


posure 
1. Persons who died before the advent of 
in the United States (1942) (10 persons) 


2. Abstainers from meat without 


DDT 


significant en 
vironmental or any occupational exposure (16 per 
sons). This group contained no true vegetarians 


Several of the from eating 


poultry or fish but did eat dairy products and eggs 


subjects abstained 
Most of them ate both poultry and fish but partially 
abstained flesh 


classification if 


from mammalian Subjects were 


included in this 


they admitted 


eating mammalian meat less than twice a month 


(Group 2a) or from 2 to 12 times per month 


( Grroup 2b) for at least two vears 


3. General population with ordinary dietary 


habits and little or no environmental exposure (61 
persons). These were persons living in various 
parts of the country who admitted no more than 


DDT in 


work and 


ordinary use of the household, garden, 


or place of 


who lived more than a 


mile from an orchard or other source of environ 


mental exposure and who did not frequent such 


places with any regularity 

4. People with ordinary dietary habits and sig 
nificant (110 
This group consisted of people living or working 
within one mile 


environmental exposure persons ) 
and frequently very much less 
ot orchards or farms of North Central Washington 
so that their environment was exposed to many 
heavy applications of DDT per year 

5. Agricultural applicators with occupational ex 
DDT but not 


sampling (11 


posure to within one year of 
persons ). 


6. Agricultural applicators with occupational ex 


posure to DDT within one year of sampling (19 
persons ) 

Forty-five of the survey samples were subdivided 
and a portion used for other tests. In addition. 33 
samples of fat and 17 samples of various organs 
were obtained from 17 other persons for use in 
studies not concerned directly with the survey. 

Eleven meals (two breakfasts, six lunches, and 
three suppers) were obtained from the cafeterix 
of Walla Walla College. College Place, Wash. 
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A.M. A. ARCHIVES OF INDUSTRIAL HEALTH 


Taste 1—Storage of DDT and DDE mm the Fat of People in the United States as 
Determined by Degree-of Dietary, Environmental and Occupational /-xposure 


DDE 


Exposure Group 


DDT 
Value and Unit A 
Description Tissue Extract Tissue Extract 


Died before DDT Range, ppm Not greater than reagent blanks 

Range, ppm O7 0-10 0-9 0-12 

Mean + SE, ppm 23+ 0.44 3.5 + 0.63 3.2 + 0.68 19+ 0.84 


Coef, var. t 19 1s 18 


Abstainers 
from meat 


12 
41.3 + 0.48 


Eat meat 
<2 xX 


Range, ppm O7 
Mean + SE ppm 2140.54 3.3 + O81 
Coef. var % 26 25 2 23 


mo 


34 
0.71 


Eat meat 
2-12 X/mo. 


Range, ppm 
Mean + SE ppm 
Coef. var. 


3-25 


SH + O52 


Range, ppm 2-12 2-18 
Mean + SE ppm 4.9 + 0.35 H.1 + 042 
Coef. var. % 7 7 


General 
population 


0-34 
11.0 + 


Range, ppm 2-14 F 2-25 
Mean + SE ppm = 6.0 + 0.26 041 8.6 0.48 
Coef. var. b/ 4 5 6 


People with 
heavy env. 
exposure 


Range, ppm 3-37 64s 4-58 


Mean + SF ppm 14.0 + 1.49 20.5 +24 19.0 + 2.2 
Coef. var. % 11 12 12 


Agricultural 
applicators 
total 


Range, ppm 4-16 4-21 10-3y 
Mean + SE ppm 8&8 + 1.08 16.1 + 3.2 13.4 + 1.46 22.4 + 2.6 
Coef. var. % 12 20 Il 13 


More than 1 yr. 
ago 


Within last Range, ppm 3-37 9-48 4-58 
yr. ¢ Mean + SE ppm 17.14 2.1 23.1 + 3.3 22.3 + 3.0 
Coef. var 12 14 13 


These meals were considered typical of those eaten DDT in this country failed to dey elop a 


hy meat abstainers. color typical of DDT or any known metabo- 


\ll analyses reported in this paper were carried 
the Schechter-Haller 
The modifications described by Chemical 


by spectrophotometric 
method. 
Memorandum No. 1™ were used for tissue samples. 
Food samples were processed using the modifica- 
tions of Walker et al.” 

For statistical treatment, all samples which pro 
duced recognizable Schechter-Haller colors were 
accepted at their calculated values even though the 
limited accuracy of the method for “trace” quan- 
tities of lug. to 5ug. was recognized. Samples whict 
gave no visible blue, red, or intermediate color 
were treated as zero, being beneath the experi- 
mental limits of the method. 

Results 

Storage of DDT-Derived Material in Man 
as Related to Exposure.—lIt is clear from 
Table 1 that the storage of DDT and of 
DDE in people varies according to their 
dietary and occupational exposure. 

Analysis of 10 samples of human fat 
collected and sealed before the advent of 


400) 


lite. 
duced yellowish or 


Although some of the samples pro 
the 
spectrophotometric readings did not exceed 


brownish colors, 
the readings taken on reagent blanks proc 
essed at the same time but without any fat 
tissue. Thus, data which will be presented 
elsewhere indicate that, under the conditions 
now in use, the lipids extracted from human 
adipose tissue actually reduce the amount of 
light-absorbing material passing through a 
Davidow column. In any event, the results 
confirm the conclusion reached by Mattson 
et al.” that human, fat does not spontane 


ously contain any material which might be 


confused with DDT in the Schechter-Haller 
reaction. 

Abstainers from meat stored, on the aver- 
age, about half as much DDT and half as 
much DDE as persons in the general popu 
lation who stored an average of 4.9 ppm 

Vol. Novw., 


18, 


No. 
4 2-5 24 4-12 
Is 36 
3 
Hl 
110 
5+6 95 
15 
1-45 : 
30.2 + 6.5 
22 


STORAGE OF DDT AND DDE IN PEOPLI 


TABLE 2. 


Statistical Significance of Differences m DDT Storage nm Human Fat 


Associated with Degree of Exposure 


Compar. son 


Description of Exposure 


Meat abstinence vs. ordinary diet 
Meat abstinence <2 X/mo. vs. 2-12 X mo 
Little environmental exposure vs. heavy environmental exposure 


Hleavy environmental exposure vs. agricultural use within yr. 


Agricultural exposure more than | yr. ago vs 


and 6.1 ppm of the two compounds respec 
tively. Consideration of fat samples from 
16 meat abstainers and samples from 61] 
persons in the general population with little 
or no environmental exposure showed the 
difference to be statistically significant 
(Table 2) as regards both DDT and DDE. 
Twelve persons who admitted eating meat 
less than twice a month stored slightly less 
DDT and DDE than did four persons who 
ate meat from 2 to 12 times per month, but 
the difference was not. statistically signifi 
(P>0.2). 


meatless meals are given later. 


cant The results of studies on 
Persons in the general population with 
significant environmental exposure (Group 
4) stored, on the average 6.0 ppm of DDT, 
while those with little or no environmental 
exposure (Group 3) stored an average of 
4.9 ppm. Although the difference was small 
it was statistically significant (P?<0.02). 
Agricultural occupational exposure caused 
a much more marked increase in the storage 
of DDT-derived The 


above general population levels was espe 


material. increase 
cially marked in persons who had had occu 
pational exposure within a year (Group 6). 
These people stored DDT at an average 
concentration of 17.1 ppm. 

Storage of DDT-Derived Material in 
Man as related to Age, Sex, Duration of 
Lx posure, and Other Factors No evidence 
DDT-de- 


rived material due to age or sex were un 


of differences in the storage of 


covered in this study. 
Of. the samples from the general popula 
tion with little or no environmental exposure 


(Group 3), 50 were obtained in Savannah 


The 


and 11 were obtained in Wenatchee. 


Hayes et al 


wricultural use within v1 


Level of Significance, ‘7 


DDT DDE 


Groups 


2vs. > 
Zu vs. 2b <i <M) 
3vs.4 > 


SVS. 6 


histories indicated that many of the people 


did not live in the city in which they were 
hospitalized. Furthermore, some of them 
had moved from one part of the country to 
another in recent vears. In spite of these 
facts, it is of interest that the difference in 
DDT storage between the two groups was 
small and of questionable statistical signiti- 
cance (P>0.05). 

Considering all the samples in the survey, 
DDE averaged 58 of the DDT-derived 
material. This matter is covered more com 
pletely in the comment. 

The Distribution of DDT and DDE with 
in various tissues of the body.—Table 3 
indicates that similar concentrations of DDT 
were found in samples of fat taken from 
the same person regardless of the location 
of the sample. 

In the limited autopsy material available, 
DDT was below the 
the 


tissues. 


the concentration of 


experimental limits for method for 


brain, liver, and ovary Carbon- 


consti 
tuted 11 to 306¢ of 11 samples of adrenal 
glands. In every instance, a trace of DDT 


tetrachloride-extractable — material 


(average 3.4 ppm based on extractable lipid } 
(If all DDT 


in the adrenals were in neutral fat and this 


was detected in the adrenals. 


fat constituted 54 of the total lipids, as 
reported by Bloor? for guinea pigs, then 
the concentration of DDE in the neutral fat 
Pert- 
adrenal fat taken from 9 of the 11 subjects 
showed 64 to 80 extractable lipid and 
an average concentration of DDT of 7.5 


of the adrenals would be 6.3 ppm.) 


ppm in the lipid, 
Concentration of DDT-Derived Material 
in Fresh Adipose Tissue and in E xtractable 
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TABLE 3.—Concentration of DDT in I 


Anatomic 
Sample 
Persons (see text) 
Mesenteric 
(Ppm) 


Subcutaneous 
(Ppm) (Ppm) 

Adipose 

Adipose 

Adipose 

Adipose 

Adipose 

Adipose 

Adipose 

Adipose 


Lipid 
Lipid 
Lipid 
Lipid 
Lipid 
Lipid 
Lipid 
Lipid 


Superscripts represent number of samples where greater than one, 
ample, subcutaneous samples came from the axilla and breast as w 


Lipids. —The concentration of DDT in the 
tissues of man and animals has generally 
tissue 


milk 


has frequently been expressed in terms of 


been expressed in terms of fresh 


weight. The concentration in) cows’ 
butterfat or in terms of milk of standard 
butterfat content. 
of 


was determined 


carbon-tetrachloride-ex- 
216 


samples of fat by weighing the residue re- 


The amount 
tractable lipid for 
maining after evaporation of an aliquot 
(usually 449) of the carbon tetrachloride 
extract of the entire sample. The concentra- 
tions of DDT and DDE were reported in 
terms of both fresh weight and extractable 
lipid. The extractable material varied from 
9% to 95% of the fresh weight of the 
corresponding samples. As shown in Table 
4, 5% of the samples contained less than 
50% of lipids. the 


samples contained between 70% and 89° 


About two-thirds of 


of lipids. 

The few samples containing less than 
50% of lipids frequently gave difficulty. In 
the first place, samples of this sort from 
the general population have to be large in 
order to have enough DDT-derived material 
present to permit its detection. Secondly, 
these samples frequently gave, on complete 
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Retroperitone: 


A. ARCHIVES OF INDUSTRIAL HRALTH 


‘at from Different Anatomic Sites 
Site 
Peri- 


eardial 
(Ppm 


Retro- 
bulbar 
(Ppm 


Intra- 
muscular 
(Ppm 


il Mean + SE 


(Ppm) 


No two Samples were taken from the same location 


ell as various positions on the abdomen 


For ex 


analysis, colors ranging from chrome yellow 
to dark amber or brown. It may be that the 
materials responsible for these colors are 
more abundant in connective tissue than in 
fat per se. 

Occurrence of DDT and DDE in Whole 
Meals 


alyzed portion by portion. 


Kleven meatless meals were an 


Of the 66 in 
dividual items analyzed, only 9 contained 
detectable DDT and only 3 contained over 
of DDT. of the latter three 


Ong. Keach 


‘dishes contained eggs in one form or an 


other. The mean daily DDT content of the 
0.041 


meatless diet was determined to be 


TABLE 4 


\B Proportion of Samples of Adipos: 
Tissue 


Showmg Different Concentrations 
of Extractable Lipids 


Proportion of 
Fresh Tissue 
Weight Extractable 
by CCl, 


Proportion 
of Samples 


(% 


) 


0-49 
70-74 
90-09 


0-94 


Vol. 18, 1958 


Novw., 


_ 
1 2.9 
2 1.8 1.2 2.0 + 0.12 # 
3 2.1 2.5 + 0.09 4 
4 5.6 + Ww 
5 2.8 64413 20 
6 18.2 104 10.8 + 0.96 
7 9? 10.8 W7+14 12 
8 4° 23.3 22.5 + 1.2 5 
1 34 34 34 
2 2.6 3.4° 3.2 3.3? 2.9 — 3.2 2.4 2.0 28+ 013 5 
3 2.9 3.23 3.0 — 3.3 3.0 2.8 3.0 + 0.36 s 
4 6.3 7.07 6.3 6.5 + 0.25 1 
5 11.3 — 14.1 16.7 13.8 + 1.1 
14.8 15.52 13.8 14.7 13.8 15.2: 2S 15.1 16.3 + 1.4 
7 27.8 17.4 18.2 17.6 20.3 + 2.5 12 
20.8 28.8 — 30.52 26.5 — 34.6% $2.9 $2.3 + 1.0 4 
5 
6 
19 
31 
33 
6 
100 
= 
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mg., which may be compared with 0.184 
mg., the average determined in a similar 
Way in the same laboratory for ordinary 
restaurant meals.'* Vegetables showed low 
DDT residues both in the meatless meals 
and in the restaurant meals. The meatless 
meals contained 36° of the DDT-derived 
material in the form of DDE, a value es 
sentially identical with that for ordinary 
meals. 

of Various Modes Preservation 
on the Apparent DDT Content of Fat 
Samples.—-It is a common practice to pre 
serve fat samples for organic chloride 
insecticide analysis in CP-grade carbon tet 
rachloride, and this method was taken as 
standard for the present study. this 
the 


However, specimens preserved by 


procedure, sample is weighed while 
fresh. 
formaldehyde or freezing are frequently re 
ceived for analysis. Without some study, 
such samples pose a problem if the results 
are to be given in terms of concentration of 
DDT in fresh tissues. 

The change of weight of fat tissue caused 
by storing it for 20 or more days in 10 
formaldehyde or by freezing is shown in 
Table 5. 


storage in formaldehyde did not change the 


lor periods as great as 103 days, 


fresh weight of fat more than 86. The 
changes were in both directions and averaged 
essentially zero (+0.20¢). This small 


variation in weight can be attributed mostly 
to unavoidable variation in the degree of 
blotting of tissues before weighing. Even 
the maximum variation encountered (8% ) 
the 


results frequently encountered between two 


does not exceed variation in chemical 


fat samples taken at the same time from the 


same body ( Table 3 Be 


TaBLe 5.—Wetght Change of Adipose Tissu 


Associated with Storage in 10% Formaldehyde 
or by Freezing 


Freezing 
(7 Samples) 


Formaldehyde 
(23 Samples) 


Value 

Days Change Days Change 
Range 21-108 Rto +5 20-43 13 to 
Mean &3 


Ha Ves 


Twenty-two paired subsamples of — fat 


preserved in carbon tetrachloride and form 


aldehyde respectively were analyzed for 
DDT-derived Fourteen of the 


pairs differed less than 1 ppm in DDT con 


material 


tent. Six of the pairs deviated 1 ppm in 
either direction, The two remaining pairs 
deviated 2 ppm and 4 ppm respectively in 
opposite directions. Variations of a similar 
magnitude in both directions also occurred 
for DDE. The lack of a significant differ 
ence was further demonstrated by the use 
of “Student” ttest (P>0.5 for both DDT 
DDE). Ina the 


samples showed no significant difference in 


and similar way, same 
the percentage of extractable lipid. 

Qn the other hand, freezing consistently 
led to loss of weight of the samples, owing 
to drying. The observed losses ranged fron 


3@ to 13 and averaged 8.36. 


Comment 


There apparently has been no progression 
in the storage of DDT in the general popu 
lation of the United States since this storage 
Was first measured in 1950. Evidence lead 
ing directly to this conclusion is given by 
the 
different years. As shown in Table 6. the 


comparing results of studies made in 
median storage has remained essentially the 
same. It may even be possible to explain 
the small variation in this median between 
one study and another. Thus the men re 
ported by Haves et al.” tended to store a 
little more DDT than those reported here 


This may have been associated with the fact 


TABLE 6.—Range of Concentration of DDT Foun 
in the Fat of People with Ordinary Diet and 
No Occupational Exposure 


Cases, Per Cent 


Range 
Ppm DDT Laug et al 


(1941 


Hayes etal 
(1956) 


This Study 


Group 3 


Group 4 


O.1-1.0 0 1 
1.1-5.0 28 25 45 
5.1-10.0 as él DA 
10.1-20.0 12 4 
Over 20.0 3 0 0 0 


al. 
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that their daily DDT intake, as measured by 
the analysis of whole meals, was slightly 
higher than that for the general population * 
(0.202) as compared with 0.184 mg/man 

day.'” 

In a study of ordinary restaurant meals, 
Walker and his associates '* discovered that 
“generally those foodstuffs cooked in fat, 
and containing meat, meat combinations, or 
butter, were found to have a higher DDT 
content than [other] foodstuffs...” This 
report is entirely consistent with the finding 
of only very small quantities of DDT in 
“meatless” meals and the storage of only 
very small concentrations of DDT-derived 
materials in the adipose tissue of meat ab- 
stainers, as reported in this paper. In fact, 
part of the DDT found in 


‘meatless’”” meals was associated with poul- 


the greater 
try and other animal products. 

In 50 samples of human fat, including 
some from persons having known high ex- 
posure to DDT, Mattson and his colleagues * 
found that in individual samples, DDI con- 
stituted from 39% to 86% and averaged 
60% of the total DDT-derived 
In the present study, the corres- 


about 
material. 
ponding range was 33% to 90% (excluding 
two samples in which no DDE was de- 
tected) with an average of 580. The aver- 
age for the different groups studied varied 
from 56% to 60%. 


rium of DDT storage within a year. The 


Men reach an equilib- 


period necessary for reaching equilibrium 


A. ARCHIVES OF INDUSTRIAL HEALTH 


of DDI- storage may be similar although it 
is not The fact that 
about 34¢¢ of the DDT-derived material in 
the general diet is DDI! may have some 
bearing on the proportion in which DDE 
is stored in the fat. On the contrary, DDE 
constitutes only a very small fraction of the 
DDT-derived 
workers are exposed. It 


so well established.* 


material to which certain 
is therefore not 
astonishing that people with heavy exposure 
tend to store a lower proportion of DDE 
than do people in the general. population. 
And yet, as shown in Table 7, persons with 
the greatest store 40% or 
more of their DDT-derived material in the 
form of DDE. Further study of the table 
suggests that duration of exposure is the 


exposure may 


greatest single factor in determining the 
DDI 
exposed to comparatively great dosages of 
DDT and small dosages of DDE. 


relative amount: of stored in those 


Table 7 indicates that agricultural applica 
tors store far less DDT than certain formu 
lators. However, agricultural applicators 
stored, on the average, about three times as 
much DDT and DDE as their neighbors 
with comparable environmental exposure. 
This implies that the exposure of these 
groups differed by a factor probably greater 


We do not 


know enough to relate satisfactorily the ex 


than three but less than six. 


posure of applicators (as measured by 
1 


Batchelor and his colleagues ') with the tis 


sue storage which these men show. Certainly 


Tasi_e 7.—Percentage of DDE Associated with Different Concentrations of DDT 


No. Exposure 


Group Description No. Samples (Yr.) 
Abstainers from meat 9t 
General population d 9t 
General population ¢ 7t 
General population and others 
People with heavy 

environmental exposure 
Agricultural applicators 

more than 1 yr. ago 
Agr. app. within yr 
Volunteers 
Formulator 
Formulator 


* DDE as percentage of total DDT-derived material. 
+ Estimated 
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DDE * 
(Ppm) 


(%) Authority 
0-7 (2.7 + 0.44) (58) 
2-12 (4.9 + 0.35) 38-90 (56 
3-13 (7.4 + 0.37) 29-79 (60 
2-79 39-86 (60) 


This paper 

This paper 

Hayes et al., 1956 
Mattson et al., 1953 
2-14 (6.0 + 0.26) 


0-78 (57) This paper 


4-16 (8.8 + 1.03) 45-72 (60) 
3-37 (17.1 + 2.1) 45-49 (56) 
80-345 (202 + 30.6) (14) 
122 49 
Hind 40 


This paper 

This paper 

Hayes et al., 1956 
Mattson et al., 1953 
Hayes et al., 1956 


“ol 18, Now., 


1958 


= 
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STORAGE OF DDT AND DDE IN PEOPLI 
the applicators get a great deal of DDT on 
their skins, much more, in fact, than might 
seem necessary to account for the observed 
storage. The importance of inhalation of 
spray material may be discounted on the 
basis of measurements of parathion.’ It is 
difficult to exclude the possibility that the 
applicators ingest some DDT in the process 
of eating, drinking, and smoking, though 
such ingestion has not been measured. Per 
haps men absorb undissolved DDT through 
the skin as poorly as animals do. 

Two conclusions seem justified: Much 
more study is needed to define the exact 
way in which agricultural chemicals enter 
the body under practical conditions of use. 
Secondly, there is an excellent’ chance that 
workers would absorb from the skin a much 
higher proportion of some other chlorinated 
hydrocarbons whose dermal absorption is 
less dependent on solution. 

The hypothesis has been advanced ** that 
DT is stored in extractable lipids, whether 
in adipose or other tissues. At least in a 
general way, the known facts are consistent 
with this view.4. Thus, it might be supposed 
that under any given conditions of exposure 
the variation of the reported concentration 
of DDT could be reduced by eliminating 
the variable associated with the proportion 
of extractable material in adipose tissue. 
However, the supposition was not confirmed 
by analysis of the data. The coefficient of 
Variation was not appreciably smaller for 
concentrations expressed in terms of ex 


tractable lipid than for those expressed in 


terms of fresh This true 


whether one compared the results involving 


weight. was 
single samples from many persons ( Table 
1) or results involving several samples from 
different parts of the body of a single per 
son (Table 3). The reason for the failure 
to confirm this biologically reasonable hy- 
pothesis is not clear. 

lor any systematic survey, the specimens 
should be taken and processed under as 
nearly identical conditions as possible. How- 
ever, this study indicates that results for 
DDT storage obtained from fat samples 
preserved by formaldehyde are quite com- 


llaves et al 


parable to those obtained from samples 
preserved by carbon tetrachloride. The loss 
of weight caused by the drying of frozen 
samples leads to a systematic error 1f the 
samples are weighed after storage and if 
the results are expressed in terms of “fresh” 
tissue weight. However, this 


even error 


would not be of important magnitude—less 


than 14¢¢. 


The suitability. of formaldehyde as a 
preservative for fats which are to be an 
alyzed for compounds other than DDT has 
not been established. 


Summary and Conclusions 


During 1954-1956 samples of fat tissue 
from 227 people were analyzed for DDT 
and DDE and the results tabulated accord 
ing to the dietary, environmental, and oc 
cupational exposure of these pee yple to DDT. 
Also, 45 samples of fat from those surveyed 
as well as 70 samples of fat and other tissues 
from 17 other people were used for other 
purposes. Thus, 342 samples in all were 
analyzed. 

There has apparently been no progression 
in the storage of DDT in the general popula- 
tion of the United States since this storage 
was first measured in 1950. 

Persons abstaining from meat deposited 
in their fat only about half the concentration 
of DDT (2.3 ppm) 
general population 4.9 

Meatless 


catering to meat abstainers contained only 


as did people in the 


meals served in a_ cafeteria 
about a quarter as much DDT as did meals 
served in ordinary restaurants. 

There is strong evidence that essentially 
all storage of DDT and DDE in persons 


without occupational exposure results from 


. the presence of these comy suunds in the diet, 


especially but not exclusively in fats of an- 
imal origin. 

The incidental 
to living or working in or near areas of 
heavy application of DDT caused deposits 
only very slightly greater than those in per- 
sons without such environmental exposure. 


environmental exposures 
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People with occupational exposure stored 
DDT-derived 


people and the rate of storage was generally 


more material than other 


proportional to the intensity and frequency 


of exposure. 

DDE averaged 58% of the DDT-derived 
material stored in most people, but a smaller 
proportion in those with very great ex- 
posure. This finding is explained at least in 
part by the fact that about a third of the 
DDT-derived material in the ordinary diet 
is preformed DDE. 

The results obtained from fat samples 
preserved in 106 formaldehyde are quite 
comparable with those obtained from sam- 
ples preserved in carbon tetrachloride. Dry- 
ing of frozen samples causes a systematic 
error if samples are weighed following 
storage, but the magnitude of the error is 
less than 14%. 

Help was given by other members of the staff 
of both the Toxicology Section and the Chemistry 
Section of the Technical Development Laboratories 
and also by the physicians of the various hospitals 
and the coroners, who obtained fat samples to 
make this study possible 


P. O. Box 769. 
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The Respiratory Response of Guinea Pigs to Sulfurie 


Acid Mist 


MARY O. AMDUR, Ph.D., Boston 


\long with sulfur dioxide, sulfuric acid 
must has been repeatedly suggested as one 
of the 
tributed to 


irritants which have 
the 
morbidity resulting from the prolonged pol 
luted “fogs” which occurred in the Meuse 


Valley, Donora, and London. 


might 


con 


increased mortality and 


exposure to 
sulfuric acid mist can occur in industry 
during electroplating and pickling of metals 
or charging of storage batteries. 
industrial operations a concentration of 1 
mg/cu., m. 


For such 


is suggested as sate for daily 
eight-hour exposures.’ It 
that 
respiratory or cardiac disease should be 


excluded from 


has also been 


suggested persons with preexisting 


working where such ex 
posures may occur.* 

Poxicologiec studies indicated that guinea 
pigs are much more sensitive to sulfuric 
acid mist than are mice, rats, or rabbits.** 
Amdur, Schulz, and Drinker,® using sulfuric 
icid mist having a mass median diameter 
(MMD) of Ip, found that the L-Ds59 con 
centration for an eight-hour exposure period 
was 18 mg/cu. m. for guinea pigs 1 to 2 
months old (250 gm.) and 350 mg/cu. m. 
for guinea pigs 18 months old (1 
extending the exposure time to 


kg. ). 
72 hours 
did not increase the per cent mortality at 
4 given concentration. Laryngeal 

was suggested as the cause of death. 


spasm 

Sul 
furic acid mist also produced parenchymal 
lung damage, the extent of which was de 
pendent upon the total dosage 
(concentration time). The 


animals that 


showed the most extensive lung pathology 
were those exposed 


for 72 hours to 8& 


mg/cu. m., a concentration producing no 


mortality at all. 


Received for publication Feb. 3, 1958 
Department of Physiology, Harvard School of 


Public Health 


received 


Pattle, Burgess, and Cullumbine “ found 
that the Ds» for an eight-hour exposure of 
200-250 gm. guinea pigs was 29.5 mg/cu. m. 
for sulfuric acid mist having a MMD of 
2.7 ps. The LDso of particles was 65 


mg/cu. m, at room and 31 
OC. 


their animals also died within the first eight 


temperature 


mg/cu. m, In extended exposures 


hours or withstood prolonged exposure to a 
given concentration. Previous exposures at 
a lower concentration, however, did not at 
fect the per cent mortality. They suggest 
asphyxia resulting from bronchial constric 
tion and laryngeal spasm as the cause of 
death. 


In the present work, changes in pul 
monary flow-resistance, elastic behavior, and 
ventilation were used as toxicologic criteria 
rather than mortality and lung pathology. 
The application of such measurements to 
the study of respiratory irritants has pro 
vided a means of examining quantitatively 
the response of experimental animals to con 
centrations below those producing gross ex 
ternal signs of respiratory distress and has 
given some insight into the physiological 
response of the respiratory system to ir 


ritants..* Since particle size is of im 
portance in the toxicology of any aerosol, 
sulfuric acid of three different particle sizes 
was studied. 


Methods 


The physiological techniques used have been 


described in detail elsewhere.” Three measurements 
are necessary—intrapleural pressure, tidal volume, 


and the rate of flow of gas in 


and out of the 
respiratory system. Intrapleural pressure was 
measured by recording the pressure changes in a 
fluid-filled catheter inserted into the chest cavity 
Tidal volume was measured by recording the pres 
sure changes produced in a body plethysmograph 
The rate of flow of air was measured by electrical 
differentiation of the with 


volume signal respect 
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to time. Simultaneous tracings of these three things 


were made on a Sanborn direct: writing oscillo- 


graph. 

From measurement of these tracings flow-re- 
(AP/AY, cm. 
H.O/ml/see.) was calculated by relating the change 


sistance of the lungs and airway 
in intrapleural pressure to the change in flow rate 
at points on the tracings corresponding to equal 
lung The compliance (AV/AP, ml/cm. 
H2O) was calculated by relating the tidal volume 
to the intrapleural pressure change at points of 


volumes. 


zero air flow, namely, the beginning and end of 
inspiration. Compliance is a measure of the elastic 
behavior the 
Hects decreased elastic distensibility of the lungs 

In 


of lungs. Reduced compliance re- 


the experimental design used each animal 


served as its own control. The body plethysmo- 
graph was clamped so that the animal's head pro- 
jected into the exposure chamber. 


flow 


The main air 


was started, and respiratory measurements 
for half hour. 


The sulfuric acid mist was then added to the air 


were made every five minutes an 
stream for an hour, during which period tracings 
The 


exposure periods varied from one to three hours 


were again made every five minutes. post 

The sulfuric acid mist was generated by a method 
described previously,” which consisted of warming 
sulfuric flask 


vapors 


acid in a_ three-necked heated by 


The the 
flask were swept into the main air stream by ‘a flow 


a Glascol heating mantle. from 


of compressed air. The particle size of the mist 
was controlled by varying the temperature of the 


flask, an increase in temperature vielding an_ in- 


TABLE 1.—Response of 


Guine 


MMD=0.8p ag 


Particle Size 


Concentration, mgm 1940.5 5.3414 


15.4430 


No. of animals 


6 11 

Body wt., gm. 208 205 2149 
Resistance, cm.H 2O/ml/ sec. 

Control 0.61 0.68 0.72 

Exposure 0.92 * 1.05 7 1.22 * 
Compliance, ml/em.11 

Control 0.20 0.20 0.21 

Exposure 0.13 0.12 O16 
‘Tidal volume, ml. 

Control 1.63 1.42 1.44 

Exposure 1.46 1.38 1.52 
Frequency, breaths/min. 

Control M4 M4 82 

Exposure 
Minute, volume, ml 

Control 137 138 14 

Exposure 140 126 
Lung wt., gm/kg. body wt. 7.8 5.0 70 


* P=0.02 
+ P=0.001. 
P=0.01 
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The 


appropriate 


crease im particle concentration 


hy 


size Was 


controlled the 


manipulation of 


airflows. 

The concentration of sulfuric acid mist in the 
exposure chamber was measured by drawing an 
air sample through a type HA Millipore Filter,* 
soaking the filter m demineralizéd water, meas- 
uring the conductivity, and comparing this wit! 
a standard curve. This method had been checked 


previously with results obtained by electrostatic 
precipitation and found to be a suitable method for 
the collection of sulfuric acid mist.” 

aerosol was measured 


\ 


cascade impactor, 


the 
experiment. 


The particle size of 


during each sample was draw) 
the fiftl 


stage of which was a type HA Millipore Filter 


through a modified 
The slides and filter were placed in beakers con- 
10 ml 
ductivity of the resulting solutions was measured 
the the 
acid on 
of 
the chemical method of May.”* When the partic 


taining demineralized water, and the cor 


of sulfuri 
The MMI) 


these data by 


From standard curve mass 


each was determined 


Stage 


the aerosol was calculated from 


size measurements were initially set up, a micro 


scopic count was made on the impactor slides and 


uso on a sample collected by electrostatic pre 


cipitation, but for routine measurements only the 


chemical method was used. The total mass on the 
five impactor stages gave an additional check o 


the concentration. 


from Millipore Filter Corporation, 


Mass 


* Obtained 


Watertown, 


Pigs to One-Hlour bax pooures 


MMI 


32 MMD=2.5y, oy 1.35 


a, 215 


$2044.00 2440.5 15.443.9 413.648. 30.5487 


1+7.3 


7 5 10 10 lo 
218 247 222 206 215 235 Ws 
0.70 0.69 O55 0.72 
0.21 O.19 oy 0.23 0.23 0.21 28 
0.13 0.14* O16 O17 t O13 0.05 ¢ 
1.42 2.11 1.54 1.70 1.85 1.89 1.83 
1.28 2.60 * 1.43 1.60 1.91 
113 133 158 158 
108 142 14 131 134 76 % 14 
7.8 8.5 95% 
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RESPIRATORY RESPONSE TO SULFURIC ACID MIST 


The relative humidity was measured during 56 
of the 85 experiments by readings of wet and 
Iry bulb thermometers placed in the outflowing air 


The 


stream mean of these determinations was 


Results and Comment 


The data obtained on the respiratory 
response of guinea pigs to one-hour EXPO 
sures to sulfuric acid mist of O.8n, 


Table 1.0 An 


increase in resistance to air flow was pro- 


and 7 are summarized in 
duced by all the concentrations tested, and in 
each case this increase was statistically sig- 
nificant. With the exception of the 2.3 


mg/cu. m. concentration of 2.5 particles 
and the 7p particles, the increase in- re 
sistance was accompanied by a statistically 


The 


O.8p particles produced no statistically sig- 


significant decrease in comphance. 


nificant changes in tidal volume or fre 
quency until a concentration of 42 mg/cu. m. 
Was reached, at which point there was an 
increase in the tidal volume and a decrease 
in the frequency of breathing. At approxi 

the concentration of 2.5 
particles there was no change in the tidal 
but the 


volume were markedly decreased. The in 


mately same 


volume, minute 


frequency and 
terpretation of these findings will be dis 
cussed, 

The toxicologic response to an aerosol 
depends upon the particle size as well as 
upon the atmospheric concentration, as this 
factor to a large extent determines the 
amount of toxic substance penetrating the 
upper respiratory tract and also the site of 
deposition of material reaching the lungs, 
i. ¢., the main bronchi or the more periph 
eral bronchi and alveoli. An aerosol of 
particles large enough to be almost entirely 
stopped by the upper respiratory tract may 
be only slightly toxic even in fairly high 
concentrations. Figure 1 shows the per cent 
increase in resistance plotted against the con 
the 
three different particle sizes studied. The 


centration of sulfuric acid mist. for 
7» particles caused a relatively slight in 
crease in resistance at a concentration at 


which the smaller particle sizes produced 


Amdur 


© MMD O84 
MMD 2544 
XMMD 


% INCREASE RESISTANCE 


5 10 20 
MG/M3 


one-hour 
numbers 
animals 


hig. 1 Dose-response curves for a 
exposure to sulfuric acid mist Che 
besicle point indicate the number of 


exposed at that concentration 


each 


a very marked response. Particles so large 
would be unlikely to penetrate to any great 
extent bevond the upper respiratory tract 

In the case of a systemic toxicant, sucl 
is uranium, for example, dusts having « 
MMD of O.5H are much more toxic than 


increasing toxicity 


dusts having a and on 
general one thinks of 
with decreasing particle size over the range 
of say 104 to 0.54. In the case of @ primary 
irritant such as sulfuric acid mist this pic 
ture may be complicated by the fact that the 
physiologic response evoked may vary, de 
pending upon whether the irritant is de 
the bronchi or in_ the 

the 


Cullumbine ® 


posited in main 


peripheral tions of lung. Thus 


Pattle, 
that an increase in particle size from O.8; 


Burgess, and found 
to 27 1 increased the toxicity of sulfuric 
The 


crease in the LDs 9 for an eight-hour expe- 


acid mist. criterion used was a de 
sure from 65 mg/cu. m. to 29.5 mg/cu. n 
igure 1 shows that by the criterion used 
here of increased pulmonary tlow resistance. 
the relative toxicity of the two particle sizes 
is highly dependent upon concentration. At 
high concentrations the larger particles pro- 
duced a greater response. At approximately 
40 mg/cu. m. the O.8 particles produced « 
1006 
2.5 particles produced a 300% increase. 


At concentrations of 2 


increase im resistance, whereas the 


mg/cu. m., on the 
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Figure 2 


Fig. 2—Time course of resistance change pro 
luced by exposure to approximately 40 mg/cu. m 


other hand, the O.8 particles produced a 
slightly greater response than did the 2.5, 
particles. Thus data obtained using only 
high concentrations would fail to predict 
accurately the response to low concentra- 
tions. 

Further comparison of the data obtained 
on the two particle sizes indicated a differ- 
ence in physiologic action. Figure 2 shows 
the time course of the resistance increase 
produced by 40 mg/cu. m. concentrations of 
the 0.84 and 2.5 particles. At the end of 
the one-hour exposure period the response 
to the larger particles was far the greater, 
At the start of the 
however, the picture 


as shown in Figure 1. 
exposure, is quite 
different. The response to the smaller par- 
ticles begins at once, and after 10 or 15 
minutes of exposure has reached essentially 
the final degree of response present at the 
end of the hour. 


sponse to the larger particles, and, had the 


There is little initial re- 


exposure been terminated at 20 minutes, 
one would have concluded that the two mists 
produced an equal resistance increase, as 
the major effect of the large particles did 
not occur until the last 15 or 20 minutes 
Neither group had returned 


to the control values two hours after the 


of exposure. 


end of the exposure. 

Similar data for animals exposed to 15 
mg/cu. m. concentrations of the two particle 
sizes are shown in Figure 3. In this in- 
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Figure 3 


sulfuric acid mist of two different particle sizes 
The curve for 2.5m is the average of 10 animals; 
the curve for O.8u is the average of 5 animals 


kig. 3.—Time course of resistance change pro 
duced by exposure to approximately 15 mg/cu. m 
sulfuric acid mist of two different particle sizes 
The curve for 2.54 is the average of 10 animals; 
the curve for 0.84 is the average of 6 animals 


stance, the response at the end of the one 
hour exposure was essentially the same for 
the two particle sizes. Again we see an im 
mediate increase in resistance resulting from 
the smaller particles and a delayed response 
to the larger ones. At this concentration, 
the animals exposed to the larger particles 


had 


two hours after the end of the exposure, 


returned to control resistance values 
whereas the resistance of those exposed to 
the smaller particles was still elevated. 
The prompt response shown by the ami 
mals exposed to the O.8u particles 1s similar 
to that seen in animals exposed to sulfur 
The 


findings are consistent with narrowing of 


dioxide and acetic acid. mechanical 
air passages within the lung, either from 
bronchoconstriction or from mucosal swell 
ing or increased secretion. In the animals 
exposed to the larger particles the delayed 
response suggests the possibility of a dif 
ferent mechanism, and this possibility 1s 


borne out both by the nature of the me 


chanical changes and the appearance of the 


lungs post mortem. In these animals resist 
ance increases were invariably accompanied 
by marked compliance reductions. These 


changes are consistent with the develop- 


ment of complete rather than partial ob 


struction of air passages. For example, it 
the major bronchus leading to one lung 
totally 


measured would be cut approximately in 


were obstructed, the compliance 
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4——A comparison of the physiological re 
sponse to 25a and O8m sulfuric acid mist with 
the response to sulfur dioxide. The concentration 
of SOs chosen that it produces the same 
resistance the sulfuric acid. This 1s 
835 ppm SQ, for the 2.54 particles and 338 ppm 
SO. for the O8&@ particles. The numbers in 
parentheses indicate the number of animals used 


Is so 


Increase as 


half and the resistance would be approxi 
mately doubled.7 

Post mortem the gross pathology of the 
lungs fitted this picture. There were exten 
sive areas of atelectasis frequently involy 
ing entire lobes. In addition the lungs were 
edematous, as demonstrated by significant 
increases in the lung to body weight ratio 
(Table 1). that 


with high concentrations of large particles 


These findings suggest 


local irritation in the larger air passages, 
causing mucosal swelling, increased secre 
tion, and possibly exudation of fluid, leads 
eventually to complete obstruction of major 
air passages, whereas small particles may 
cause simple. bronchoconstriction. 

In Figure 4+ the changes in resistance, 
compliance, and time constant are shown 
for animals exposed to 40 mg/cu. m. of the 
and O.&p acid mist. For comparison 
the to of sulfur 
dioxide producing an equivalent resistance 


response concentrations 
change are shown. A concentration of 835 
ppm sulfur dioxide produced the same re 
sistance increase as the 2.54 sulfuric acid. 
The compliance decrease produced by the 
acid mist was much greater than that pro 

¥ In this instance the product of compliance and 


which the time and 
been called the time constant of the lungs ™ 


resistance has unit of has 


would 
not be changed. In the case of narrowing rather 


than the 


complete obstruction time 


constant 1s 
elevated. 


Amdw 


MIST 


the constant 
The gas, however, pro 
the 
338 


the and time 


was not changed. 


duced by 


Ras, 


time 
ppn 


resistance 


substantial merease im 
constant. A of 


sulfur dioxide produced the same 


duced a 
concentration 
increase as the O.Su acid mist. The com 
pliance decrease and the increase im time 
constant were also comparable, suggesting 
i similar mechanism of action. 

On the basis of information available on 
the deposition of aerosols of various par 
ticle size, one would predict that the 2.5, 
particles would probably have their major 
effect at the of the 


whereas the O.8n particles would be more 


level main bronchi, 
likely to penetrate the lung as would a gas 
The physiologic data presented above sug 
gest that this is the case and that the action 
of the submicron particles is similar to that 
of the irritant 


of time 


of the response and over-all effect 


gases mm terms 
course 


on the mechanical behavior of the lungs. 


By use of formulae developed by Otis, 
and Rahn,” it is possible to estimate 
the elastic, resistive, and total work done in 
The results of such 


the 


ventilating the lungs. 


‘alculations for some of groups of 


inimals are shown in Table 2. The increase 
in elastic, resistive, and total work caused 


Here 


also there was an effect of particle size on 


by the exposure is shown in Figure 5. 


the response. At a concentration of around 
2 mg/cu. m. the 2.54 particles have only a 
very slight effect, which is not. statistically 
significant, but the smaller particles pro 
duce an increase in both elastic and resistive 
work. As the concentration is increased, the 
two aerosols produce essentially the same 
total increase in respiratory work, but the 
distribution ts different. The small particles 
produce an increase in both components 
with a slightly greater increase in resistive 
work. This is the same type of response 
shown by the irritant gases such as sulfur 
dioxide and acetic acid vapor. On the con 
trary, the 2.54 particles produce their major 
effect on the. elastic work. The 71 particles 
produced no statistically significant increase 
In respiratory work. 


= 


A. 
TasBLe 2. 


MMD=0.8u 

Particle Size 
Concentration, mg/m! 15.44+3.0 
No. of animals 
Elastic work, min. 

Cont. 

Exp. 
Resistive work gm.-cm/min. 

Cont. 

Exp. 
Yotal work gmi-cm/min, 

Cont. 

Exp. 


Cont. = control 
* P=0.01. 
tT P=0.02 


Exp exposure 


Changes in respiratory work of this order 
of magnitude per se cannot be construed 
is constituting a major stress, and further 
more the method of calculation yields only 
ipproximate values. All the irritants stud 


ied so far have, however, produced an 
increase im respiratory work, so this does 
ippear to be one response of the animal 
As such, it 


might be kept im mind for future considera 


to the respiratory irritants. 


tion from. the point of view of a. stress 
superimposed upon existing pathology or 
ot exercise superimposed Upon exposures 


irritants. 


O - ELASTIC 
~ RESISTIVE 
@- TOTAL 


A 


INCREASE IN WORK - GM./MIN. 


nN 
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MMD 


08M 


15.4 


15.4 


Fig. 5.- 
tory work. 
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Calculated Respiratory Work 


MMD=2.54 MMD=7p 


42.0+4.0 2340.5 15.44+3.9 30.5487 


w 


Although the main purpose of the devel 
opment of the methods 
study of the to 


below those producing mortality and severe 


present was the 


response concentrations 
respiratory distress, it was of interest to 
learn the magnitude of change sufficient to 
result in death. A’ group of four animals 
to a of 200 
a concentration sufficient to pro 
duce the death of all in 55 to 60 minutes. 


Was exposed concentration 


mg/cu. m., 
The particle size used for these experi 


ments Was 2.5, since this had been shown 


to produce severe edema and atelectasis. 


vV 


° ° 


ML/CM 
4 


CM H20/ML/SEC 


20 40 60 
RE EXPOSUPE 
TIME - MINUTES 
Fig. 6.—Changes in ventilation and mechanical 
properties of the lungs produced by 200 mg/cu. m 
sulfuric acid mist, a concentration which produced 
the death of all four animals by one hour. 
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RESPIRATORY RESPONSE TO SULFURK 
igure 6 shows the course of the response 
of the animals to this lethal concentration 
of sulfuric acid mist. The resistance rose 
0.75 to 7.00 em. 


SOO 


from a control value of 


H.O/ml/see., an increase of over 
The compliance dropped from 0.25 to 0.03 
Both 


frequency and tidal volume were severely 


mivem. HeO, a decrease of 
decreased, leading to a decrease of nearly 


GO, in the minute volume. The animals 
were obviously severely anoxic. The lungs 
showed a marked degree of edema and 


itelectasts. 


Summary 


The physiologic response of guinea pigs 
to inhalation of sulfurte acid mist in con 
centrations of 2 to 40 mg/cu. m. for periods 
of one hour was. studied. Three particle 


sizes Were used, and 7p. 
Particles of 7 produced only a_ slight 
of 30 


since they do not penetrate be 


response even at concentrations 
mg/cu. m., 
vond the upper respiratory tract. 

At high concentrations the 2.5 particles 
caused a greater response than the O.&8y 


At 


more practical significance, namely 2 mg 


particles. concentrations approaching 
cu. m., the smaller particles cause a greater 
response, 

The O.8u particles produce an immediate 
response, and the increase in pulmonary tlow 
resistance proportionately greater” than 
the decrease in compliance of the lungs. 
such mechanical behavior suggests bron 
chial constriction as the physiologic mecha 
nism involved. In this respect the submicron 
verosol behaves in a manner similar to the 
irritant acid gases, 

The response to the larger particles was 
delayed in time, and the increase in resist 
ince Was accompanied by a major decrease 
in compliance. [Exposure to high concen 


trations resulted in severe atelectasis and 


edema. Such responses are interpreted as 


plugging and closure of the main bronchi 


rather than as more evenly distributed 


bronchial constriction. 


tindur 


ACID 


VIS7 


The differences in response to the three 
particle sizes of sulfuric acid mist are con 


sistent with what would be predicted from 


information on. the degree of penetration 


and site of deposition of aerosols of various 
The effect of 


on respiratory work is discussed. Data are 


particle sizes. sulfuric acid 
given on the response of a group of animals 
to concentration of sulfurie acid mist which 


produced death within an hour. 
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Syringe Device for Studies on Bacterial and Other 


Aerosols 


CARLTON E. BROWN, Sc.D., and WILLIAM R. GRIFFITH, M.S., Frederick, Md. 


Introduction 
\ small 


operator may 


device, with which a_ single 


obtain information on aero 
sols under various atmospheric and other 
conditions, is shown in Figure 1.) It was 
developed) mainly for. studies survival 
of air-borne bacteria, but may be used alse 
tor other aerosols. 


Accepted for publication Jan. 29, 1958 


U.S. Army Chemical Corps, Fort Detricl 


Bacteria, or particles, are disseminated 
into a pint Mason jar, and a small portion 
of the resulting aerosol is used in preparing 
the final aerosol of desired conditions in a 
horizontally oriented 100-ml. syringe. De 
terminations are made on the final aerosol. . 
Survival data on air-borne bacteria are ob 
tained from successive concentration deter 
minations. Concentration-decrease (decay ) 
rates are calculated and used as indices of 


survival, or decay Initial ( zero-aerosol 


erosol studies 


Fig la Photowrapl ol svringe e for all 
2 
~ 
= 
. 
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A 


age) concentration and recovery values also 
may be calculated and used. 

The syringe device was developed after 
(a) experience with large, complex aerosol 


1 


apparatus,’ (>) consideration of published 


descriptions of bacterial-aerosol de- 


2-13 


some 


vices, and (c¢) consideration of various 
specifications believed desirable for an aero- 
sol device. Among specifications considered 
were that the device should 

1. Be readily operable by one person 

2. Be small enough to fit in a small, exhaust 
equipped hood 

Require only inexpensive, readily available parts 
Be suitable for studies on at least 30 aerosols 
in an eight hour period 

Be able to control relative humidity (RH) of 
aerosols over a wide range and to control other 
conditions, with the use of supplementary equip- 
ment, if necessary 

Be capable of rapid (a) preparation of aerosols, 
aerosols, and (¢) 


(bh) removal of residual 


change from one to another source material 
tor the aerosols 
Require no more utilities than water, 110-volt 


AC current, and services, as vacuum and com 
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pressed air, that can be provided readily | 
small electrically operated devices 
8. Require little or no reusable glassware con 


centration determinations 


Aerosol Preparation 


Particles may be disseminated from 
liquids or powders by any of a great variety 
of methods and devices. Particles from 
liquids are disseminated, in the syringe de 
vice, by sending 50-ml. air blasts, from a 
hand-. or spring-operated 30-ml. syringe, 
through a Vaponefrin nebulizer containing 
1-2 ml. of spray liquid. One 50-ml. blast 
is usually used for liquids containing at 
1x10" The 


particles are disseminated into a pint Mason 


least bacteria per milliliter. 


jar containing rubber-balloon arrange 
ment for regulating air pressure to atmos 
pheric pressure during nebulization, 
Aerosol in the Mason jar is allowed to 
seconds after 


remain undisturbed for 30 


nebulization to permit) aerosol mixing by 


COMPRESSED 
AIR 


AEROSOL GENERATING CHAMBER 


(PINT MASON JAR) 


SYRINGE 
* 


AEROSOL TRANSFER SYRINGE | 


VAPONEFRI 
NEBULIZER 


TYNDALL BEAM 


HUMIDIFIER 


PRESSURE BALANCER 
(BALLOON) 


PSYCHROMETER 


CONSTANT FEEDER 
FOR AEROSOL 


SYNCHRONOUS 
MOTOR, I rpm 


Fig. 1b. 


PLATE 

ROTATOR » 

(175 rpm) 

FLOWMETER 
(icfm) 

GAR PLATE 


HEIGHT 
ADJUSTER” 


SLIT SAMPLER 


Diagram of syringe device for aerosol studies. 
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turbulence resulting from nebulization. Ob 
servation of a Tyndall beam indicates that 
the aerosol is well distributed throughout 
the jar within 30 seconds. 

Thirty seconds after nebulization, 1 to 
10 ml. of aerosol is drawn from the Mason 
jar through a short, large-diameter (15 
gauge ) 10-ml. 
syringe for use in preparing the final aero 


needle into an attached 
sol of desired RH in the 100-ml. syringe. 


Sufficient sterile, RH-conditioned air is 
drawn from a bubbler-type humidifier into 
the 10-ml. syringe, before or after drawing 
in the aerosol from the Mason jar, to form 
ml. 


dilution may be allowed to remain undis 


Ten-milliliter aerosols formed by 
turbed for a few seconds to permit mixing. 

l'rom the 10-ml. syringe, 1 to 10 ml. of 
the aerosol is drawn into the 1L0OQ-ml. syr 
inge containing about 20 mil. of clean, 
KH-conditioned air. Accuracy of measure- 
ment of the 1 to 10 ml. of aerosol drawn 
into the 100-ml. syringe may be facilitated 
by use of a manometer (not shown in lig. 
1) in the line. A few milliliters of clean 
air is drawn through the three-way valve 
of the 10-ml. syringe into the 100-ml. syr 
inge to flush aerosol from the connections. 
Then sufficient clean, RH-conditioned air 
is drawn into the 100-ml. syringe to form 
100 mil. of RH. 


KH of the conditioned air used in prepar- 


final aerosol of desired 
ing this 100-ml. aerosol, but not of the final 
aerosol, is measured. Satisfactory methods 
for measuring RH of these 100-ml. aerosols 
are being sought. Temperature of the final 
aerosol is regulated by ambient conditions 
or by special means, such as immersion of 

chambers in a 
bath. 


may be 


the aerosol temperature 


controlled to solar type 


radiation regulated by use of a 


suitable radiator ™ and aerosol chambers 


transparent to the radiation. Bacterial con 


centration of the 100-ml. aerosol is 


regu 
lated by variation of one or more of the 
concentration of 


following: (a) bacterial 


the spray liquid, (b) number of 50-mi. 
disseminating air blasts, or (¢) dilution of 
primary aerosol. 


Brown—Griffith 


Spray liquids for use in the syringe de 
vice for preparing bacterial aerosols should 
yield small air-borne particles, preferably 
containing a single bacterium, but not more 
than about three. The liquid should no: 
1X10" bae 


teria per milliliter, (/) clumps of bacteria. 


contain (a) fewer than about 
(c) large particles that settle rapidly, o: 
(d) more than a small percentage of non 
volatile material. Spray liquids consisting 
of about Bacillus subtilis var. niger 
distilled 


containing pheno! 


spores per milliliter of Water o7 
of gelatin phosphate * 
have vielded particles in the primary aerosol 
with a geometric mean diameter of about 
0.75 and standard geometric deviation of 
1.8. Samples for the particle-size determi 
nations were collected by drawing about 
10 ml. of the newly formed aerosol fron 
the Mason jar into a 30-ml. syringe and 
allowing the particles to settle onto a micro 
scope cover slip attached to the end of the 
syringe plunger. 
ured by 


Particle sizes were meas 
a microprojection method 
which sizes of particle images, projected at 
a high-dry magnification of 2500 diameters 
onto a translucent screen, were compared 
with screen rulings. Physical-decay rates of 
such particles in the final 100-ml. aerosols 
are about 106 per minute compounded 
continuously (coefficient of variation, about 
© 30 ) in the 3067-800 RH range. 
Sending of 50 ml. air blasts, by hand op 
eration of a 50-ml. syringe through a Va 
ponefrin nebulizer containing 1-2 ml. of 
distilled water or liquid with similar spray 
ing characteristics, disseminates about 3.6 


of the liquid. The corresponding amount dis 


mg. (coefficient of variation, about 


seminated by spring operation of the 50-mi. 
syringe is about 1 mg. Amount of liquid 
disseminated tends to increase logarithmi 
cally as the 0.9 power of the number of 


30-ml. blasts and tends to decrease with 


increase in surface tension and_ viscosity 
of the spray liquid. Addition of 3.6 mg. 
of water vapor to the pint Mason jar at 


* The gelatin phosphate contained 0.2% 


NaHPo, 


Jacte 
Gelatin and 0.4% 


A. 


room temperature (about 22 C) is sufficient 
to raise RH about 43. 

As many as 20 aerosols apparently can 
be prepared from the same supply of liquid 
in the nebulizer over a several-hour period 
it 


trends in initial-concentration and deeay- 


room temperature without systematic 


rate values. Residual aerosol is - removed 


from the apparatus between tests by forcing 
aerosol from the 10- and 100-ml. syringes 


into, the Mason jar and then drawing aero- 


sol from, and clean air through, the jar 
by suction. Five, or three, replicate aerosols 
usually are prepared at each test condition. 
Coefficients of of 
_tration and decay-rates values vary widely, 
with means of about +40 + 30% 


These values indicate preci 


variation initial-concen 

and 
respectively. 
sions about as good as for determinations 
by some of the larger and more complex 
aerosol devices. 

Aerosol in the Mason jar is well mixed 
within about 30 seconds by turbulence cre 
ated by nebulization, according to observa 
tion of a Tyndall beam through the aerosol. 
Aerosols in the 10- and 100-ml. syringes 
probably are well mixed within a_ few 
seconds, by turbulence resulting from draw- 
ing air or aerosol into the syringe. Mixing 
of syringe aerosols by (a) moving aerosol 
back and forth from syringe to a rubber 
ballon or to another syringe, or (/) rotat 
ing a special, air-driven bar magnet at 35 
or 70 rpm in the 100-ml. aerosol causes 
marked reductions in the air-borne bacterial 
concentrations without significant improve- 
ment in the closeness of fit of plotted con 
centration values to the calculated line of 
best fit through them. 

Change from use of one spray liquid to 
nother in the syringe device may be made 
easily by changing nebulizers. This change 
may be facilitated by equipping the nebu 
lizers with rubber stoppers that fit into a 
hole in the Mason jar stopper. The used 
nebulizer, containing residual spray liquid, 
is removed carefully from the Mason jar 
ind immersed in a suitable sterilizing liquid, 
is sodium hypochlorite solution containing 
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at least 15,000 ppm of available chlorine. 
A clean nebulizer is connected to the Mason 
jar, and 1-2 ml. of spray liquid 1s added 
by means of a syringe or pipette. Steriliza 
tion of the rest of the apparatus apparently 
is unnecessary, as any bacteria removed in 
the device are not redisseminated in subse- 
quent tests, according to various observa 
tions. The syringe device ( Figs. la and 1b), 
with exception of hygrometer, rack-and 
pinion mechanism, and slit sampler, may be 
autoclaved. 


Determinations 

Since some, or all, of the particles in syr 
inge-device aerosols may contain more than 
one bacterium, decision should be made as 
to whether information is desired, or 
needed, of bacteria or on particles contain 
ing bacteria (bacteria-containing particles ). 

A. method developed mainly for screen 
ing-type survival studies on  bacteria-con 
taining particles consists of concentration 
determination on five successive, one-minute 
slit samples of particles collected from a 
100-ml. 


Aerosol for sampling is pushed from. the 


aerosol on single Petri plate. 
100-ml. syringe at the rate of 13.3 ml. per 
minute by a special rack-and-pinion device 
into sterile, RH-conditioned air entering a 
slit sampler '® at the usual slit-sampling rate 
of 28.3 liters per minute. Pushing starts 
90 seconds after nebulization and continues 
for five minutes as the Petri dish of the slit 
sampler makes a complete revolution, Start 
ing position of the Petri dish is marked by 
The 


by a 


making an indentation in the agar. 
rack-and-pinion device driven 
9-watt, 115-volt, 60-evele, synchro 
nous motor. The pinion has eight teeth, and 
the rack, six teeth per centimeter. The rack 
and-pinion device and slit sampler are elec 
trically connected, so they operate together. 
The switch is turned on manually, and off 
automatically, 

Among reasons for start of sampling 90 
seconds after nebulization are (a) time re- 
quired for preparation of final aerosol in 
(b) 


midpoints of the five successive one-minute 


the 100-ml. syringe and desire for 
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Fig. 2 


sampleof Serratia 


Five-minute slit 


marcescens 


samples to occur at full-minute values (2, 
5, and 6) for convenience in calcu- 


lating decay rates. Selection of a five- 


uunute period for collection of samples was 


mainly arbitrary. This time may be short 


ened to increase rate of testing. Rate of 


testing may also be increased by operation 
of more than one syringe device. The 
operator, who is not occupied during the 
five-minute sampling period, could be pre- 
paring the aerosol in a second device. 

Slit samples from the syringe device are 
incubated under conditions suitable for the 
collected bacteria. 

Colonies are counted and recorded sepa- 
rately from five equal (72-degree) sectors 
of the slit sample (Fig. 2), beginning with 
the colonies from the first sector collected 
during the first minute of sampling. As 
many as 100 small colonies per sector can 
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be counted conveniently. Colony confluence 
tends to make counts on more concentrated 
samples difficult and unreliable. 


Calculations 


Calculations, in aerosol studies with the syringe 
device, are made by usual methods. Decay rates, in 
survival studies, are calculated from the five counts 
(concentration per 13.3 ml. values) by the follow 
ing least-squares exponential equation 


X(in 
c)t— \ 


100 (1) 
+42 (Xt)? 
at 
in which & is the continuously compounded decay 
rate in per cent per minute; c, concentration or 
count; f, aerosol age in minutes; VV, number of 
values; /n, legend for natural logarithms, and 100, 
factor for conversion to percentage. 
Biological continuously compounded decay rates, 
ky, are calculated from total, ke, and physical, kp, 
decay rates by the following equation : 


ku=ki—kp (2) 


.- 
e 
oe, 
\ € 
Pe “2 “3 
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Relationships of & to singly compounded decay 
rates, k, and to half-lives, h, in minutes, are shown 
by the following equations : 

k=1—e™ (3) 
h=69.3/k (4) 
Biological singly-compounded decay rates, kv, and 
biological half-lives, may be calculated from 
corresponding total and physical rates by the fol- 
lowing equations : 
(6) 
Standard error of estimate, S., of the concentra- 
fit, 
the 


(5) 


tion values from the calculated line of best 


from Equation 1, may be calculated 


following equation : 


from 


N—2 


in which the symbols are the same as in Equation 1 


ce)? 


Se 


Initial-concentration values, which are in- 
tercepts on the logarithmic (vertical) axis 
of the concentration data plotted on semi- 
logarithmic graph paper against time on 
the arithmetic (horizontal) axis, may be 
calculated from the following equation : 

Comc—ht (8) 
in which c, is the natural logarithm of the 
initial concentration; the mean of the 


natural logarithms of the determined con- 
centration values; &, the continuously com 


pounded decay rate: and ¢, the mean of the 
time (aerosol-age) values at which the con- 
centrations were determined, 

Recovery is the ratio, expressed in per- 
centage, of the concentration of organisms 
determined to the calculated concentration 
disseminated. 

Summary 

A small, simple device by which one per- 
son can rapidly obtain) survival data on 
bacteria in air under different atmospheric 
conditions is described. 
five successive 


Data are obtained from 


concentration determinations of bacteria in 


special aerosols in a horizontally oriented 
100-ml. syringe. 

sacteria are disseminated from liquid 
suspensions into a pint Mason jar by send- 
ing 50-ml. air blasts from hand- .or 
spring-operated syringe through a Vapone- 
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frin nebulizer containing 1-2 ml. of spray 
liquid, 
Aerosols of desired bacterial concentra 


tion and relative humidity (RH) are pre 
pared in the 100-ml. syringe by diluting a 
small portion of the primary aerosol from 
the Mason jar with a relatively large vol 
ume of sterile, RH-conditioned air. Tem 
perature is regulated by that of the room 
or by other means. [Exposure to solar-type 
radiation may be controlled by use of a 
suitable aerosol chambers 


radiator and 


transparent to the radiation. 


Samples for determination of particles 
containing bacteria are obtained by me 
chanically pushing aerosol from the 100-ml. 
syringe at a rate of about 13 ml. per minute 
for five minutes into. sterile, RE-condi 
tioned air entering a slit sampler at the 
regular rate of 28.3 liters per minute. 

Colonies on five equal (72-degree) se 
tors of the slit sample, beginning with colo 
nies from the sector containing bacteria 
collected during the first minute, are counted 
and recorded separately to provide concen 
tration values from five consecutive one 
minute, 13.3 ml. samples. 

Continuously compounded — exponential 
decay-rate values are caleulated from the 
concentration values by least-squares 
equation and used as indices of survival or 
decay. 

Determinations are usually made on five 
or three replicate aerosols. 

Precision of values from the syringe de 
vice is about as good as that of values from 
some of the larger and more complex de 
vices. 

The syringe device may be used in vari 
ous studies on bacterial and other aerosols. 


U.S. Army Chemical Corps, Fort Detrick 
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Evaluation of Chemical Cyanosis Through Improved 


Techniques for Hemoglobin Analysis 


E. E. EVANS, M.D.; R. C. CHARSHA, B.S., M.S., and A. L. LINCH, Ch.E., M.S., Penns Grove, N. J. 


The growth of the dye industry and 


related intermediates production has en- 
tailed occupational exposure to toxic aro 
That 
some of these compounds have a detrimental 
the health of ‘the 


widely recognized. The effects upon work 


matic amino and nitro compounds. 


effect on workman is 
efficiency are vague, owing principally to 
inadequate methods for controlling expo 
sures through blood analysis.* The assump- 
tion that chemical cyanosis was produced 
Hb to MHb 


confusion.' Spectro 


only by conversion of has 


created considerable 


photometric and radioactive tracer tech 
niques enabled Jackson and Thompson * to 
identify six MHb precursors containing 
ferrous iron, two forms containing ferric 
iron, and two forms capable of being oxy- 
genated. Their work offers an explanation 
of the anomalies associated with chemical 
exposures which have come to our attention 
in our laboratory. The numerical difference 
Hb determinations, acid hematin 


Hb, 


absence of visual symptoms as an indica 


of two 


and oxidized has been used in the 
tion of latent cyanosis. 

The term MHb will be used only in the 
strict sense, namely, Hb in which iron has 


the 


pigments associated as complexes with aro- 


been oxidized to ferric valence. 


matic nitrogen compounds are designated 


Received for publication Jan. 22, 1958, 

Medical Division, Industrial Hygiene Laboratory, 
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* Abbreviations : Hb 
methemoglobin; AHb 
acid hematin; HbM 
oxidized hemoglobin; HbO: oxyhemoglobin ; HbC 


Nemours & 


MHb 


hemoglobin determined as 


hemoglobin ; 


hemoglobin determined as 
hemoglobin complexes of aromatic nitro and amino 


compounds or their metabolites; %T—per cent 
transmittance ;°A. R.=analytical reagent. 
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Hb. 


with aromatic nitrogen compounds is prob 


Methemoglobinemia unassociated 
ably a rare condition.? 

The methemoglobin procedure of Evelyn 
and Malloy * was modified and simplified 
for routine laboratory use. A quantitative 
procedure to evaluate some cyanosis pre 
cursors (HbC) has been developed. 


Reagents and Methods 


Apparatus —A prism of diffraction grating spec 
trophotometer using 10-20 mm. diameter cuvettes 
The (dit 
fraction grating) and 12 mm. cuvettes were used 
throughout this study: 


Bausch and Lomb “Spectronic 20" 
The necessary instruments 
from an ear lobe 
spring lancet (A. H. Thomas No 
3644). 0.1 ml. micro blood pipette (A. H. Thomas 
No. 8204-A), gauze 
70% alcohol for preparation of the skin surface 
and the lancet. 
Reagents.—M/60 phosphate butter, pH 6624 

Dissolve 6.7 gm. anhydrous disodium monohydrogen 


for obtaining 0.1 ml. of blood 
puncture, 1. €., 
sterile 


cotton, squares, and 


phosphate and 10.7 gm. anhydrous monopotassium 
dihydrogen phosphate in distilled water and dilute 
to 1 liter 
Saponin, 10%, 
Potassium 


in distilled water 
10%, in distilled 
Store in red, low actinic, glass-stoppered bottle 
Make fresh monthly. 

Procedure 


ferricyanide, water 


blood, 0.1 
rinsed into a spectrophotometer cuvette containing 
7.0 ml. of M/60 phosphate buffer. The red blood 
cells are 


Freshly drawn ml., 1s 


Ivsed with a drop of saponin solution, 
and the components mixed by inverting the capped 
cuvette several times. 

The per cent transmittance is read at 630 mp 
(%1V1) against a buffer blank containing a drop 
of saponin solution. The Hb is converted quantita- 
tively to MHb with excess potassium ferricyanide 
10% reagent is sufficient 
for full-color development in three minutes. Per 
cent transmittance is read again at 630 mp (%Te) 
against the saponin blank. 


solution. One drop of 


Ferricyanide reagent 1s 
not necessary in the blank as it does not absorb 


at 630 mya. In Figure 1, to determine % MHb, 


= | 


EVALUATION OF CHEMICAL CYANOSIS 


100 
REF | 
POINT; ~RETERMINATION OF METHEMOGLOBIN 


is corrected thereby for variations in total hemo- 
60 


anchor point for each mdividual specimen. A line 

from the reference point to the %@T2 anchor point 
globin. concentration. In practice a center ruled 

50 

40 

30 


transparent straight edge is laid over the chart 
to connect’ the reference point and plot 


rather than draw individual curves 


28 % MHb | Hamblin and Mangelsdorff* showed the light 


| globin was within a narrow range of +1%T 


20 


transmission range at 630 mp for normal hemo 


Additional data may show the reference point 


should be adjusted slightly downward or upward to 
20 40 60 80 avoid negative MHb readings, but this adjustment 
% METHEMOGLOBIN usually falls within the limits of the precision of 


the method. The effective range of the spectral 


Fig Determination of methemoglobin in 
blood scale (20%-90%T) can be utilized by varving 


the volume of buffer 
connect the reference point of the calibration chart Equivalence of Oxidized Hemoglobin (HbM) to 
(left-hand vertical axis) by a straight line with <!¢td //ematin (1/1b)—Since no change in mole: 
Ts on the 100% MHb sintt-hesd vertical axis, lar weight is involved, the amount of MHb in 
Extend %T, horizontally to the diagonal \ @ specimen after complete oxidation by ferricyanide 
vertical to the MHb Kain from this horizontal Is equivalent to the weight of Hh, concentration 
intersection determines the % MHb values can be assigned to %Ts The AHb pro 


- - ‘edure has been used in ur Clinical Laboratory 
Calibration Chart.— Blood specimens from 15-20 : 


persons, not under medication and not exposed to 
eyanosis-producing (cyanopathic) chemicals are related to AHb %T for calibration purposes.* 
processed by the foregoing procedure. The hori Under normal conditions, the two values are 
zontal linear axis of semilog graph paper is scaled “dUtvalent within +1 T (Fig. 2). Blood specimens 
to 0 to 100% MHb, and the log scale assigned @T [rom personnel exposed to aromatic nitro and 
values (Fig. 1). Assuming no MHb in the blood  @mino compounds frequently did not exhibit this 
specimens, the average of %T, results is plotted equivalency. The percentage difference between 
as the reference point on the left hand or 0% these two Hb values, designated %HDbC, is often 
MHb axis. The %T. scale on the right-hand a measure of MHb precursors after exposure to 
vertical (100% MUHb) axis then provides an evanosis-producing chemicals 


98.5% OF POINTS WITHIN 
CONFIDENCE LIMITS OF 
t 0.4 GRAMS 

63 POINTS 


Fig. 2.—Equivalence of 
oxidized hemoglobin to 
acid hematin 


65 60 $5 
%T 
120 123 127 13 134 13.6 142 146 150 154 166 162 166 17 
BHD in grams/!O0 mi 
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q 
35 | 4123 
| | | | 
H } | +—412.7 
| | | 
+ 4 t + + + + + 138 
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{ + + + + + ‘15.8 ° 
30 °° 
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Fig. 3.—Spectrophoto- 
metric oxidation titration 
»f whole blood. 
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SPECTROPHOTOMETRIC OXIDATION TITRATION 
WHOLE BLOOD 
in 7.0 mi M/6é0 PHOSPHATE BUFFER 
630 ma 12mm LIGHT PATH 


HbM— AHb 
gem. HbM 


if HbM is greater than AHb, otherwise 


«100 


The algebraic sign undoubtedly is significant 
when HbC exceeds 10%, but the cause remains 
a matter for conjecture. 

Spectrophotometric Titration of Whole Blood. 
Freshly drawn blood, 0.1 ml., diluted in 7.0 ml 
buffer and lysed with one drop of saponin solution, 
was titrated with 0.02-0.04 ml. increments of a 1.00 
mg. per ml. potassium ferricyanide solution. One 
“mole of ferricyanide oxidizes one mole of hemo- 
globin ferrous iron to the ferric state. The ©@T 
of the Hb at 630 my (three-minute color develop- 
ment period after each addition) referred to weight 
of added ferricyanide as a plot on semilogarithmic 
paper is a straight line until the oxidation 1s 75% 
80% complete. The intersection of a projection 
with the horizontal base line (constant &%T re 
sponse) provides the ferricyanide’ weight required 
for complete oxidation (Fig. 3) 


- Results 


On the basis of this titration the specimen 
contained 0.324 mg. of ferrous iron. Since 
15 gm. of hemoglobin contains 0.3380 iron 
( National Research Council standard), the 
specimen should .contain 14.4 gm. Hb 
(0.324 15+-0.338). Actual analysis as 
HbM and AHb both gave 14.4 gm. The 
titration curve confirms the equivalency of 
HbM and AHb formulated above, and the 
linearity of the MHb calibration curve to 
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16 20 24 26 32. .36 
MILLIGRAMS Ks Fe (CN)¢ 


the region of 800. This is more than 
adequate for control of exposure to cyano 
sis-producing aromatic nitro and amino 
compounds, 


During the two-year period when 35 to 


75 specimens per week were analyzed by 


the AHb and HbM procedures for routine 
control purposes, a precision of 0.2 gm. 
per 100 ml. blood was attained. AHb in 
specimens from personnel not exposed to 
chemicals known to produce cyanosis (suffi 
cient to raise HbC above 5°) agreed with 
the cyanomethemoglobin results based on 
the standards supplied by the National Re 
search Council® within this +0.2) gm. 
tolerance. 

MHb and HbC results under 5 were 
not considered significant. Neither was in 
dicative of cyanosis until one or the other 
exceeded 10. HbC results above 10 
indicated latent cyanosis conditions which 
required close observation and, above 20, 
confirmation by  microgasometric — blood 
oxygen analysis.* Hb levels below 13.0 mg. 
per 100 ml. by either method were consid 
ered abnormal and too low to risk further 
exposure. 


Comment 


Fat-soluble aniline and nitrobenzene ana 
logs are absorbed through the intact skin 
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30 ~+ + - 
+ 
70 
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©. | | 
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AHb—xem. HbM S100 
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Nitrosobenzene Pheny! Hydroxylamine 


NO2 


KS} 
(rapid) 


Nitrobenzene Aniline 


4.—Cyanosis precursor mechanism 


with remarkable ease. Once the skin barrier 
has been penetrated, the circulatory system 
picks up the invading toxicant, and elimi 
Most of the 
aromatic amino and nitro compounds prob 
ably 
ducers, 


nation processes are begun. 


are not, in themselves, cyanosis pro 


but biochemical redox processes 


create derivatives which hinder oxygen 


Hb com 
oxidation 
of the amine group and reduction of the 


transport to tissues by forming 
plexes. Enzyme systems catalyze 
nitro group to known cyanopathic nitroso- 
and hydroxylamine derivatives (Fig. 4). 
Phe probably 
the most potent cyanosis producers in the 
redox 1,4 


phenylhydroxylamines are 


series. Detoxification rear- 
rangement of the phenylhydroxyvlamine to 
ortho- and para-aminophenols of lower 
potential for excretion through the kidneys 
probably is responsible for restoration of 
the oxygen transport balance. 


l’requent evidence of latent cyanosis has 


been observed in laboratory analytical re 
sults. 


exposures sufficiently severe to pro 
duce high urinary excretion levels, 75-125 
mg. per liter nitrobenzene and its metab- 
olites, have been detected. 
ical 


However, clin 
MHb analyses did 
not disclose hemoglobin condi 
Other exhibited MHb 
above LOG at urinary excretion levels be 
low 25 mg. per liter. Cases which exhibited 
the same lack of observable symptoms, but 
showed up to 306 MHb by blood analysis, 


were found in areas of exposure to tolui 


observations and 
abnormal 


tions. have 


Cases 


dines and nitroanilines. 
Since the term methemoglobin 


(MHb) 


has been used rather loosely to describe 


Evans et al. 


what actually may be a whole family of 
hemoglobin derivatives, the in-vitro work ot 
Jackson and Thompson,* who used radio 
active tracer techniques to identify SIX 
precursors (ferrous iron) of MHb, offered 
the most attractive solution to the cyanosis 
blood analysis dilemma (Fig. 3). Para 


radio-iodine-tagged nitrosobenzene and 
phenylhydroxylamine combined firmly with 
Hb to produce a methemoglobinemia which 
disappeared in the course of an hour or 
two without loss of radioactivity from the 
red cells. The combining site was estab 
None ot 


and & absorbed 


lished at the iron atom of heme. 
light in the 630 mp region. Type 3 could 
not be hydrolyzed to acid hematin. Types 
6 and & could be oxygenated, but whether 
or not these derivatives gave up oxygen to 
the tissues in vivo is questionable. Jackson 
and Thompson also found two ferric iron 
forms with absorption maxima at 630 my 
(Types 3 and 4). 

I:xamination of the absorption maxima 
( big. 35) revealed the routine AHb proce 
dure for hemoglobin would not disclose 
at least one (Type 3) and possibly two HbC 
forms at 525 mu (Types 5 and 7) which 
MHb and HbM 


Loss of color by 


are included in 
630 


results at 
my. acid cleavage 
of the iron-aromatic nitrogen complex from 
account for low 


the hemin molecule 


AHb 


cases. In 


may 
values observed many 
blood taken non- 


exposed personnel differences between AHb 


exposure 


normal from 


HEMOGLOBIN COMPLEXES 


HbO2 - @NHOH 
$40 580 


HbOz =(QNHOH), 
339 677 
Fig. 5.—Hemoglobin complexes 
son, H., amd Thompson, R.: 
1954.) Note 

(mp) 


(From Jack- 
siochem. J. 57 :619, 


Numbers refer to absorption maxima 
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NHOH 
NH 
\ 
O 
| [s] [4] 
Hp MHb- BNO Hb4NHOH), 


A. 


and HbM results are within experimental 
deviation of +0.2 gm., but HbM_ levels 
up to 20% higher than AHb have been 
found in blood taken from men working in 
cyanosis This 


progresses to 


exposure areas. unstable 


condition often active cya- 
nosis, if exposure is not relieved, as HbC 
rarely rises above 20% before conversion 


to MHb occurs. Removal 


from exposure 
usually reduces HbC concentration below 
analytical significance of 5 within a day 
or two, 

Figure 6 presents a chemical operator's 
hemoglobin anomalies during exposure to 
2,5-dichloroaniline. For the first six days, 
HbM and AHb values agreed within ex- 
perimental deviation (Area 1). MUHb also 
was than 5¢¢. Sometime 


normal or less 


HbM 
16 


2;5 DICHLORANILINE 


2 2 


20 DATE 25 DAYS 30 


Fig. 6—Hemoglobin anomalies 
to 2,5-dichloroaniline. 


from exposure 


during the next five days an exposure 
occurred which produced significant con- 
centrations of HbC (16% The 
the oxidized blood 
showed a pronounced plateau in the 560 
my region not found in normal MHb solu- 
tions (Fig. 9). An HbC “reversal” oc- 
curred during the ensuing 24 hours ( Area 
3—Fig. 6). The HbM_ values increased 
above AHb to a numerical value equal to 
the initial “eHbC. Total MHb analysis 
rose to 11 as the precursor derivatives 
in the blood oxidized. Rest and oxygen 
therapy restored the patient’s hemoglobin 
to normal within 24 hours, although detec- 
table quantities of MHb persisted beyond 
this interval. 


Area 2). 


absorption curve of 
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HbM 2,5 DICHLORANILINE AHb 
1s 15 
14 14 
13 13 
12 12 
%Hdc 
%~MHb 28 
24 24 
20 20 
16 
12 ! 
8 = g 
4 4 
HOURS 
Fig. 7.—Additional anomalies with 2,5-dichloro- 
aniline. 


A further study of 2,5-dichloroaniline 
cyanosis (Fig. 7) with the additional aid 
from values, determined 
microgasometrically,* revealed considerably 
more HbC than indicated by 13% difference 
AHb HbM. HbM-HbO. 
difference was 24, which in this case was 
a better indicator for HbC. AHb was not 
an accurate index for oxygenatable hemo- 


oxyheme ybin 


between and 


globin, nor did Hb differences alone. reveal 
the exposure severity. 

Superficially, HbO, would appear to be 
a reliable basis for cyanosis evaluation. 
However, the reverse condition has been 
met. The three procedures for hemoglobin 
(AHb, HbM, and HbOs) agreed, but 21¢¢ 
MHb_ by 


m-nitroaniline 


analysis Was from a 
(Fie, 8). Hbe 


Types 7 and & are strongly indicated as 


present 
exposure 


these derivatives oxidize readily on expo- 
sure to the atmosphere.” In less than eight 


HbM META-NITRANILINE AHb 
15 4 15 
\4 AHb 4% 14 
13 HbOo 13 
i2 12 
te 

24 


\ Hbe 
3 12 15 18 


9 
“HOURS 


Fig. &8—Hemoglobin anomalies from exposure to 
m-nitroaniline. 
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90 
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50 


30 
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+ 


hig Blood trans 


curves 


Iss ton 


+4 
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LJ 
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WAVELENGTH IN MILLIMICRONS 


hours this condition developed into a typical 
evanosis. At this time, methylene blue was 
administered. when HbQO. results revealed 
almost twice as much unoxygenated hemo 
globin as differential 


Although 


HbC analysis indi 
cated. methylene blue quickly 


restored oxygen capacity, significant 
change in the difference between AHb and 


HbM 


the following nine hours. This persistence 


no 


hemoglobin levels occurred during 
ot high HbC concentration is typical of 
nitroaniline and dinitrobenzene exposures. 

These results suggest no one method of 
hemoglobin analysis will furnish sufficient 
information for accurate diagnosis of cya 
nosis.. Rather, the interpretation of results 
from Several different procedures including 
blood oxygen, and an evaluation of rate of 
change are required for both exposure con 
trol and cyanosis treatment. 


ct al 


Summary and Conclusion 


simple and rapid spectrophotometric 
determination of methemoglobin in 0.1 mi. 
of whole blood has been developed. 

A comparison ot hemoglobin values de 
termined by oxidized hemoglobin and acid 
hematin procedures in the same blood spect 
men provided an estimation of hemoglobin 
complexes which may be methemoglobin 
precursors. 

A procedure useful for control of expo 
sure to cyanosis-producing aromatic nitro 
and amino compounds and evaluation of 
hemoglobin anomalies presented. 

The spectrophotometric titration of whole 
blood with potassium ferricyanide used to 
determine hemoglobin in normal blood con- 
firmed the calibration of methemoglobin 
analysis. 

The work of Jackson and 
Thompson has been applied to explain the 


“in vitro” 
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| With Saponin Added a | | 
NAT 


A. 


of 


several types derived from the metabolism 


appearance hemoglobin complexes of 
of aromatic nitro and amino compounds in 
the blood of workmen exposed to cyanosis- 
producing chemicals. 

No one method of hemoglobin analysis 
is sufficient for cyanosis control. Several 
different methods are necessary for differ- 
ential analysis in the evaluation of chemical 
exposure, 


du Pont de Nemours & Co. 
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A Self-Retaining Illuminated Laryngoscopic Speculum 


for Intratracheal Procedures 


PAUL GROSS, M.D., Pittsburgh 


| 


Two different views of speculum. 1, concavity 
which acts as tongue depressor. B, wire loop which 
anchors speculum behind upper incisor teeth and 
keeps jaws spread open. C, 2.5 volt otoscope bulb 
}), brass nut which serves as socket for the bulb 
insulation. //, wire running through bakelite cylin 
i, lugs to which nut /) is soldered. /, thin brass 
tubing soldered to nut J). G, bakelite cvlinder for 
der G to serve as electrode 


The technique of intratracheal injections 
for the study of pulmonary reactions to 
dusts well estab 
lished. The procedures employed for intro- 
ducing a trachea, 


generally effective, are often cumbersome 


and infective agents is 


needle into” the while 


and time-consuming. 
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Institute 


It is the purpose of this communication 
to describe a simple apparatus which be 
longs in the “do-it-yourself” category, by 
means of which it ts possible to perform 
as many as 60 intratracheal injections per 
have 


hour. Some rats in this laboratory 


had as many as 10 intratracheal injections 
in seven months without discernible manip 
ulative traumata. 


Method 


\s pictured in the Figure, the body ‘of 
the speculum is cut from a piece of flexible 
internal diameter of 


copper tubing, the 


which may vary from 12 in. (12.7 mm.) to 
% in. (19 mm.), depending on the size of 
the animal The 


-l serves to depress the 


for which it ts intended. 


coneave surface 


base of the tongue. The wire loop / is 
soldered to the body of the speculum and 
functions to hold the jaw in an open posi- 
tion as well as to maintain the speculum 
immobile by becoming anchored behind the 
upper The bulb © ts 


an Ootoscope Or ophthalmoscope, but prefer 


incisor teeth. from 
ably it is one with standard threads for 
which brass nuts are not difficult to obtain.* 
This brass nut /), which serves as the socket 
for the bulb, is soldered to the lugs I 

A short piece of thin brass tubing Fis 
soldered to the brass nut 1). A piece of 
bakelite G which is slightly longer than the 
tubing / is fitted tightly into the latter. 
Chis bakelite is drilled longitudinally 
take a short piece of copper wire //, serv 
ing as an electrode which will make contact 
with the central terminal of the bulb when 


the latter is screwed into the brass nut /) 


*Welch Allyn, Inc, No. 2, 2.5 volt bulb 


The orientation of the nut should be care- 
fully adjusted so that the bulb is parallel to 
the speculum and the shaft of light is pro- 
jected a short distance beyond the distal tip 
of the speculum. 

Two flash light batteries associated with 
a rheostat or a transformer with a voltage 
regulator serve as the source of current, 
which is transmitted to the bulb by means 
of a soldered connection to the electrode /7/, 
while the other wire is soldered to any 
convenient portion of the speculum. 

In practice, the speculum is inserted into 
the mouth of a lightly anesthetized animal 
in that the 


glides along the dorsum of the tongue until 


such a way concave surface 
the tip of the speculum reaches the prox 
imity of the epiglottis. The length of the 
speculum should be such that the wire loop 
B now fits snugly behind the upper incisor 
teeth. The snugness of fit should be such 
that the head of 


the animal can be held 
suspended without slippage from the spec 
ulum while the handle of the latter is held. 
The other hand may then carry out manip 


ulations such as swabbing the pharynx to 


clean it of excessive mucus, the insertion of 
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a blunt spinal-type needle between the vocal 
cords, and the injection of the desired 
material. The instrument, however, should 
not be so large that trauma is produced in 
its insertion. 

In order to obtain the proper dimensions 
for the speculum the head of an animal 
representative of the desired size is fixed 
in formalin and cut sagittally. The spec 
ulum can then be cut and tailored to fit the 
dimensions of the exposed pharynx. It may 
be advisable to have at least two and pos 
sibly three sizes .of specula on for 
each of the animal species subject to intra 
tracheal procedure. 


Summary 


An illuminated laryngoscopic speculum 


for small animals is ‘described which is 


self-retaining and combines the function of 
With 


the speculum in position the vocal cords are 


a mouth gag and tongue depressor. 


easily visualized and intratracheal manipula 
tions are readily accomplished. 
Miss Julianne Gross prepared the drawings 


Mellon Institute (13) 
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“Why Doesn't the Worker's Skin Clear Up?” 


Part Il 


GEORGE E. MORRIS, M.D., Boston 


our years ago, in this journal, under 
the title “Why Doesn't the Worker's Skin 
Clear Up?: An Analysis of Factors Com- 
plicating Industrial Dermatoses,”' | enu- 
merated 24 causes why the worker's skin 
may not clear up after he has been removed 
from the sensitizer or irritant to which he 
had been exposed, The reason for detailing 
that that | 
had noted that almost all medical authorities 


inv Observations at time was 
stated that “the worker's skin usually clears 


after he has been removed from contact 
with the substance causing his eruption.” 
Sufficient attention, to my mind, not 
been given to the causes of prolonged or 
persistent dermatoses. The data given in 
my prior article were widely disseminated, 


in great detail, by The Journal of the Amer 


ican \Vedical y Issociation,” | Yar Is Cyeloy 


dia,’ in various digests,** and by others,®* 
who have quoted it almost in its entirety. 
This article also gave impetus to a forth 
coming report * by the A. M. A. Committee 
on Occupational Dermatoses, in their series 
of reports on occupational skin diseases.*!" 
Since the publication of my 1954 mono 
graph, tive other causes, not previously de- 
scribed, have been noted and are presented 
herewith. I’rom time to time, as | learn 
more, | hope to add to this list. until prac 
tically all the possible causes have been 
enumerated. 
illustrate the 
added causes that have been observed: 


Five brief histories will 


1. The first patient had a generalized dermatitis, 
for which he was treated with cold applications 


and cold baths; 


lise harge, he 


almost 
hot bath in 


caused an 


when he 
took a 
This 


original 


was ready for 


order to “get 


himself clean.” acute flare-up 


resembling his generalized rash. In my 
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prior paper, I stated that local appheation of heat 


would eruption to continue, but | did 


cause all 
not refer to the possibility of the patient’s taking 
a hot bods bath. 

2. A 


matitis -of his 


second patient, who had a contact der 


hands from a solvent, Was give 


soothing applications and was improving, only to 
flare up when he applied a hack 
for hackac he. 


intment to his 


3. Other patients have been seen whose eruptions 


of the hands and forearms were ravated and 


made worse after being improved, upon using a 
steam iron or trom the radiant heat of an ordinary 
iron. It is now my policy to warn all patients who 


have severe dermatitis of the hands against iron- 
Inge 


previously been treated by another dermatologist 


shoe worker (a treer) was seen who had 


He was tound to have 


a positive patch test to 


suede. This patient stated that his eruption had 


started simultaneously on his hands, forearms, and 
legs. Soothing compresses and avoidance of contact 
at work cleared all the man’s eruptions except for 


lesions on his 


right leg, where he suffered from 


varicose veins. The patient denied any prior der 


that he had had 


without any trouble 


matitis on this leg, stated 


Varicose for 25 
The 
patient and had told him he had varicose eczema, 
but it that the 
prolonged by his varicose 


veins years 


first doctor had summarily discharged the 


was found man’s eruption was 


vems, being actually a 
continuation of the origimal dermatitis that he had 


from the suede 


5. A worker who had a dermatitis of the hands 


and legs trom naphtha, and who showed a positive 
test to the fumes of naphtha when applied by the 
open test-tube method, was completely cleared of 
his eruption for a period of 10 days. He returned 
on a Monday afternoon with a recurrence of the 


dermatitis on his legs. 1 hirty-six hours before this 


there had been a 20-in. snowfall which had sealed 


in all the cellar windows of his home, and, being 
confined to the house, he had worked around his 


tool bench in the cellar. While there, he noted that 


he could smell the fumes emanating from his oil 


burner, masmuch as they had not been able to 


escape in the usual manner 


} 


owing to the snow 


aving sealed up the openings to the outside. | 
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A 


noticed this) same condition at 


had 


week end. 


and others 


home that The occurrence of the rash 
on his legs is explained as being due to the fact 
that the vapor density of naphtha is three to four 
The naphtha fumes would 
the ankles, the 


times heavier than air 


thus naturally concentrate about 


site where his skin did break out 


Summary 
In a prior paper, 24 causes for prolonged 


and recurring dermatoses were enumerated. 
live additional causes have been observed 
1 reported: 
Taking of a hot bath 
Strong liniment applied for backache 
Radiant heat 
Varicose veins 
Naptha fumes (in a patient sensitive 
to naptha ) 
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Study of Men with Prolonged Intensive Occupational 


Exposure to DDT 


MARK F. ORTELEE, M.D., Savannah, Ga. 


The effeets of exposure to a toxic com 
pound should be most evident in persons 
whose exposure has been intensive and pro- 
longed. These conditions of exposure to 
DDT (chlorophenothane or 1,1,1-trichloro- 
2,2-bis| p-chlorophenyl] ethane) are readily 
fulfilled by men who manufacture and for 
mulate the compound. 

A study of people with such exposure to 
this compound is indicated for several rea 
A greater tonnage of DDT than of 
any other organic pesticide is used in agri 
culture. During the crop year 1955-1956, 
137,747,000 Ib. of DDT was produced in 
the United States.'’ As early as 1948 DDT 
storage in 
Howell.* have 


strated that detectable amounts of 


man was demonstrated — by 


Repeated studies demon 
this in 
secticide are regularly present in prepared 
meals,?-4 


Laug and his associates found 


the compound in most samples of human 
milk and 


storage to dietary intake. 


fat and human attributed the 


Later studies 
DDT and 
demonstrated the storage of the metabolic 


DDE ( 1,1-dichloro-2,2-bis| p 


chlorophenyl| ethylene ). 


have confirmed the 


storage of 
derivative 


The toxicity of single and repeated doses 
of DDT to various animals has been stud 
ied extensively, and there is a considerable 
wealth of 


information the literature. 


indicate that 


investi- 


gations of the acute toxicity of the com 


However, reviews © 


pound to man are limited to a_ few 
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experimental studies and reports of a small 
number of accidents. MeGee,* 


and discussion of the problem of chronic 


In a review 


poisoning by chlorinated hydrocarbon in 
secticides in man, concluded that no con 
sistent validated symptomatology or illness 
pattern could be discerned by the majority 
of physicians searching for one. However, 
recent reports 1" indicate that men poi 
soned by occupational exposure to dieldrin 
sometimes recover very slowly, so that the 
effects of that compound at least have a 
Under the 
circumstances, the recent report of a con 
trolled study of repeated oral doses of DDT 


certain tendency to be chronic. 


in man* is of particular interest. No signs 
or symptoms of illness or change in labora 
tory DDT 


increased storage and excretion of 


results associated with (except 
DDT 
derived material) were observed in_ this 


study. The highest exposure rate was 35 
mg/man/day (200 times the average cur 
rent dietary intake) for a year and a half. 
On a constant dosage, maximum. storage 
method 
of analysis tor DDA (bis | p-chlorophenyl | 


acetic acid) in urine has been developed. 


was achieved within one vear. A 


Evidence for a relationship between DDT 
DDA which 
a quantitative estimate of 


dosage and excretion makes 


DDT 


»ssible 


absorption and storage by urinary DDA 
analysis was published earlier* and has 


been contirmed later by a separate experi 


ment which also will be reported. 


Examination of Workers 


A total of 40 men employed by three 
firms engaged in the manufacture and/or 
formulation of DDT were examined. In- 
formation concerning their ages, length of 
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TABLE 1.- 


Information Concerning Men Examined After Prolonged Occupational 


Exposure to DDT 


Exposure-- Length Type 
of Work with DDT Formu- 
~ ation * 
Wk/Yr. Wk. 


Tech. 
Dust 
Tech. 
\ Dust 
Dust 
Dust 
Dust 
Tech. 
{ Tech. 
Dust 
Dust 
Dust 
Wwe 
Tech, 
Wwwre 
Wwre 
Tech. 
Dust 
\ wwe 
Tech. 
Tech, 
Tech. 
Tech. 
Tech. 
Tech. 
Tech. 
Tech. 
Tech. 
Tech 
Tech 
Tech. 
Tech. 
Tech. 
Tech 
Tech 
Tech 
Tech 
Tech 
Tech 


NRRERKE 


* Tech. = Technical; WWP = water wettable powder. 
+t No required exposure but some incidental exposure. 
exposure, amount and 


type of exposure, 


job description, exposure rating, and uri- 
nary excretion of DDA is summarized in 
Table 1. 


2=moderate; 3=heavy) was based on ob- 


The exposure rating (1=slight; 


servations by the author of the men at their. 


jobs, and also on an estimate by the men 
and by their superiors as to the degree of 
their exposure. (Good correlation was 
noted between this subjective estimation of 
exposure and the objective results of uri- 


nary DDA concentration. See Figure.) 
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Strength, 


Amount 
Handled 
per Day, Lb. Job Description 


Urinary, 
DDA, 
Ppm 


Exposure 
Rating 


6,000 
4,000 
6,000 | 
12,000 | 
4,000 
12,000 
8,000 
6,000 
6,000) 
12,000 
2,000 
6,000 
10,000 
14,000 
15,000 
15,000 
15,000 
10.000 
7,000 
10,000 
18,000 
10,000 | 
10,000 
20,000 
40,000 
40,000 
12,000 
30,000 
20,000 
None 
30,000 
35,000 
None ** 
35,000 


Foreman 
Batch man 


Foreman 


Batch man 
Sewing mach. opr 
Foreman 

Batch man 


Foreman 


Bagger weigher 
Batch man 
Loader 

Bagger 

Bagger 
Operation supyr 
Bagger weigher 
Bagger 

Mixer opr. 
Loader 
Operator helper 


~ 


Bagger 


Loader 
Grinder 
Bagger-grinder 
Loader & laborer 
Foreman 
Grinder 
Pipefitter 
Loader & grinder 
Grinder & bagger 
Foreman 
Grinder & bagger 
20,000 Weigher & loader 
50,000 Loader 

1 Lab. Tech 
30,000 
35,000 
None + 
35,000 
25,000 
20,000 


Loader 

Grinder & bagger 
Mainten. 
Grinder & bagger 
Grinder 

Grinder & loader 


Subjects 1-10 were employed by a formu 
lating company that processes 1,000,000 
1,250,000 Ib. of 500% DDT per year. These 
men were also exposed to other commonly 
used chlorinated hydrocarbon insecticides, 
organic phosphorus insecticides, lead, arse 
nic, sulfur, and copper compounds, 

Subjects 11-20 were employed by another 
formulating company and these men had a 
broad spectrum of exposure similar to that 
of the first 10, except that they were not 
exposed to organic phosphorus insecticides. 
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——— 
1 42 15 40 100 1 O12 
2 20 14 25 40 50 | 2 0.59 
P 100 
3 dl 25 40 50) 1 0.52 
4 42 5 25 40 2 
5 42 2 15 40 50 2 0.54 
6 34 6 25 40 50 1 0.25 
7 28 04 20 40 100 2 0.43 
8 35 6 15 40 0.80 
9 36 5 15 40 5-10 3 2.54 
10 59 6 1s 40 2 ONS 
ll 43 1.5 35 40 25-75 ‘ 1 0.52 
12 47 3 46 40 25-75 3 2.21 
13 31 3 16 40 40-75 3 3.42 
14 34 3 25 40 100 3 3.47 
15 36 2.5 50 24 25-75 | 3 O.91 
16 27 3 50 40 25-50 3 3.4 
17 LS 32 40 50-75 1 0.77 
1s 48 2 35 40 25-75 | 1.26 
a 19 52 2 46 40 100 2 0.64 
20 39 3 20 3.72 
39 1 50 10 100 2.72 
32 6 50 40 100 2.95 
25 2 40 100 1.14 
36 2 50 ‘9 100 2.74 
42 6 aD 40 100 2.01 
33 4 4s 100 
Al 50 40 100 O65 
37 6 40 100 
29 23 5 5D 410) 100 1.26 
30 31 7.5 100 O58 
31 35 3 OD 40 100 1.) 
32 34 25 24 
33 20 100 2.25 
34 34 5 AO 10 100 O17 
3H 3s 2 100 3 2.45 
37 35 5.5 100 1 
3S 24 3 AQ 40 100 3 SAL 
39 2 100 2 2.07 
25 43 Mw 100 2 1.77 
= 


PROLCNGED INTENSIVE EXPOSURE TO DD1 


10 


(PPM) 


ODA IN URINE 


ODT DOSAGE (MG/MAN/CAY) 


OrEW- PHS-BSS-COC 


SAVANNAH GA -SEPT 1957 


Concentration of DDA in the urine of men with known daily oral intake of DDT (Bars 
A,B, and E) and of men with different degrees of industrial exposure to the compound ( Bars 


C, D, and 
corresponding to Grades 1, 2 
are shown. 


Subjects 21-40 were employed by a firm 
engaged in the manufacture of DDT with 
an annual production 
25,000,000 Ib. of the 


rate of around 


technical product. 
These men had no exposure to other mate 
rials, except Numbers 25, 28, and 35, who 
had contact 
(BHC), 
to 1952. 


tact with 


with hexachloride 
toxaphene, and sulfur from 1949 
Number 30 had little direct con- 
DDT in He did, 


however, have a heavy exposure to chlorine, 


benzene 


recent: years. 


Ortelee 


Each bar indicates the range and mean for the group. 


In Bars C, 


D, and F, 


2, and 3 respectively of industrial exposure, the individual values 


ethyl alcohol, monochlorobenzene, and fum 
ing sulfuric acid. 


Exposure of all men was mainly dermal 


and respiratory, although most of the men 
were judged to have a small oral exposure 
as a result of smoking on the job and the 
settling out of dust in the mouth. 
tective clothing or 


No pro- 
respirators Were used: 
by the men while working with DDT. A 
few wore safety goggles and gloves whik 


handling molten DDT and in areas where 
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TABLE 2. 
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Summary of Abnormal White Blood Cell Findings in Forty Men 


Examined After Prolonged Occupational Exposure 


WBC per 
. Cu. Mm. Segmented Band Lymph 
5,200 

14,200 

10,200 

13,100 

14,300 

5,300 

12,400 

14,950 

7.700 

5,450 

13,300 

6,300 

11,250 


chips were flying out of the grinders. Der- 
mal exposure was very heavy; many of the 
men examined were coated with a heavy 
layer of concentrated DDT dust. All men 
included in the study, with the partial 
exception of Number 30, had had recent 
exposures. 

The clinical and laboratory studies in- 
cluded *(1) complete medical history, using 
the Cornell Medical 
Health Questionnaire; physical and 


Index 
(2) 
neurological examination; 
( Haden-Hauser 
white blood differential: 
sulfobromophthalein test (dose of 5 mg/kg. 


(3) hemoglobin 
(4) 


(5) 


hemogl binometer ); 
count and 
and. blood specimen after 45 minutes); (6) 


plasma erythrocyte — cholinesterase 
(method of Michel); (7) urinary DDA 
excretion (method 

The C. M. I. was utilized because it is 


complete and well standardized, promotes 


of Cueto et 


uniformity in history taking, and reduces 
the probability that the examiner may bias 
the data. The results are readily tabulated, 
and the method has been proved reliable 
and adapted for making surveys of this 
Multiple histories may be taken 
at the same time, thereby minimizing the 
time workers are kept away from their jobs 
by medical study. The men were questioned 
in detail on “yes” replies on the question- 
naire, and appropriate notations were made. 

Cholinesterase determinations served 
more than one purpose. Subjects 1-10 had 


exposure to cholinesterase-inhibiting organ- 


436 


Eosinophil Basophil 


Monocyte Comment 

Poly, lymph. ratio reversed 

Very poor teeth, infected tooth socket 
Slight left shift 

Slightly elevated total count 

Acute tonsillitis —- temp. 102 F 

Poly lymph. ratio reversed 
Gingivitis 

Prostatitis and cystitis 

Eosinophilia, no allergic history 
Eosinophilia, no allergic history 
Slightly elevated total count 
Eosinophilia, history suggestive of allergic rhinitis 
Poor teeth, gingivitis 


i¢ phosphorus insecticides, and cholines 


terase determinations are sensitive 
measure Of absorption of these compounds. 
Vorhaus et al.'* that 


plasma cholinesterase is a sensitive and re- 


have demonstrated 


liable liver function test. Crevier and his 
associates and Ball and Kay have re 
ported elevation of plasma esterase levels 
following acute and chronic dosing of rats 
with several chlorinated hydrocarbon. insee 
ticides. 


at the 


DDT was given as a single dose 
rate of 125 mg/kg." Hence, in 
Subjects 11-40, and especially in Subjects 
21-40, whose exposure was limited to DDT, 
cholinesterase determinations were used as 
a liver function test and as a check for the 
effects reported by Crevier, Ball, and their 
colleagues. 
Unfortunately, it was not) practical to 
collect urine specimens during a carefully 
measured period of several hours. It was 
necessary, therefore, to express the results 
of DDA analysis in terms of concentration 


Taste 3.—Plasma Cholinesterase Levels of 
Unexposed Population and of Exposure 
Groups 


Cholinesterase ( Hr.) 


Population No. Men Range Mean and 8. E 
Unexposed 43 
Group 1 
Group 2 
Group 3 


0.60-1.43 
0.48-0.94 
0.66-1.19 
0.64-1.37 


0.860+-0.028 
0.657+0.041 
O.870+0.062 
0.954+0.047 
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No 
2 2 1 
5 
10 0 
19 0 
23 1 
25 0 1 
2s 1 
29 0 
34 2 0 
36 0 
0 0 
| 
= 


PROLONGED INTENSIVE EXPOSURI 


(ppm) rather than in the more desirable 


terms of rate (mg/hr.). 


Results 


Vedical History. 
of employees was discussed with the man 
the three 


The rate of turnover 


this 
study, and each believed the rate was no 


agers of firms included in 
greater in the firm he represented than in 
other types of industry. None of the men 
examined considered their work to be more 
hazardous than previous jobs, and in many 
instances the present position was the only 
steady work the men had ever had. 

The C. M. I. 
tory and rapid means of obtaining a com 
plete 


was found to be a satisfac 


medical 
Only eight men had 10 or more “yes’” re 
plies. 


and — standardized history. 


Only one man had more than 25 


(actually 39) “yes” replies, indicating that 


a serious disorder should be suspected. 


Many of his replies referred to past history 
g., gunshot wound, malaria, venereal 
disease, draining ears in childhood, ete.) 
and there was a general scattering strongly 
suggestive of an emotional involvement. 
This man was considered by the examiner 
to have a moderate emotional disturbance. 

Significant findings in the histories were 


recorded for men as follows: malaria, 8: 
venereal disease, 6; hernia, 4: hemorrhoids, 
10; hearing loss, 4: hypertension, 2: aller 


gies, indigestion, duodenal 


ulcer, 
and skin, 3. Of the three men who com 
plained of skin rash and itching associated 
stated that BHC 


than DDT was the agent responsible. Fight 


with work, one rather 
men complained of red, itching, inflamed 
eves, and excessive tearing associated with 
working in heavy concentration of dust. 
This irritation was not severe enough to 
interfere with their work or to induce them 
to wear goggles. Subject 27 complained of 
dizzy spells and multiple gastrointestinal 
symptoms (belching, bloated feeling, fatu 
lence, and indigestion ); however, these 
were long-standing difficulties and had no 


He also had 


relation to his present work. 


Ortelee 


TO DDI 


low exposure to DDT and low excretion 


of DDA. 

Subject 30 had a history of severe cough 
and several bouts of hemoptysis associated 
with accidental exposure to high concentra 
He, too, had 
and low 


tion of chlorine gas at work. 
DDT 


No correlation between the num 


low exposure to 
of DDA. 
ber of complaints, their distribution by sys 
DDT 


associated 


excretion 


tems, and noted 


exposure to Was 
with 
dust exposure in eight men and skin irrita 
tion in two men. 

Physical The 
of physical abnormalities and defects ob 
this group of 40 


greater than that in several similar studies 


except for eye irritation 


Ixamination prevalence 


served in men Was no 


of “normal” population groups reported 


elsewhere?! A comparable sized group of 
their 


DDT 


| Jisease 


men, examined in connection with 


entrance into volunteer studies of 


conducted by the Communicable 
Center, had a similar frequeney and distri 
bution of The 
monly occurring abnormality was mild 
This 


The proportion ob 


abnormalities. most com 


degree of benign hypertension. was 
observed in nine men. 
served in this study is not unexpected be 
cause MeCombs and Finn ** reported finding 
mild) hypertension in out of every 5 
persons in a group of 583 examined. In 
the present study, the highest systolic pres 
176 Hg and the highest 
diastolic 110 mm. Hg. 


sure Was in. 


Seven of the nine 
hypertensives were over 35 years of age. 
No correlation between DDT exposure and 
The 
of hypertension in exposure rating Groups 
12%, 


respectively - 


hypertension was found. occurrence 


and 3 was 36, and 23¢ 


One man, Number 6, with a past history 
The 


edge was palpable 3 cm. below the right 


of malaria, had an 


enlarged liver. 
costal margin in the nipple line; no tender 
ness or splenomegaly were detected. There 
was no history of jaundice, and his liver 
function tests were normal. 


Subject 35 had an erythematous, dry, 


sealing, periorbital dermatitis involving the 
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upper and lower lids bilaterally, which he 
. believed to be associated with working in 
areas having a high concentration of DDT 
dust. This man was one of the three giving 
a history of a skin rash on the C. M. I. 
With the exception of his dermatitis, no 
correlation between exposure to DDT and 
the number of abnormal findings or their 
distribution by systems was found. 

xamination.—F ive 


Neurological men 


had a partial hearing loss. In each case a 
history of ear infection, evidence of damage 
to the middle ear on otoscopic examination, 


had 


minor ocular muscle imbalance (1. e., stra- 


or both were obtained. Three men 


bismus and lack of convergence) known to 
have been present since childhood in each 


instance. Three men had very hyperactive 


but bilaterally equal deep tendon reflexes; 
however, this is not infrequently observed 
in “normal” neurological examination. Five 
men had slight tremor of the outstretched 
hands at rest. However, high standards for 
normal were used in these neurological 
examinations and in all probability these 
five men were just examples of “normal” 
nervousness frequently encountered in first 
examinations. None of the men in whom 
tremor or hyperactive reflexes were re- 
corded had any evidence of central nervous 
system hyperexcitability, and all other tests 
of gait, coordination, and cerebellar fune- 
Number 25, 


tion were normal. One man, 


had a_ history strongly suggestive of a 
herniated nucleus pulposis, and was found 
to have moderate limitation of spinal flexion 
and an area of hypalgesia on the postero- 
lateral aspect of the right thigh and but 
tocks. No reflex changes. were detected. 
Subject 31 had a mild left facial weakness, 
apparently a complication of a severe case 
of mumps (which also produced a severe 
orchitis) 2.5 years previously. 

No neurological findings related to DDT 
exposure were detected. 
All the men 


range 


Laboratory Findings. had 
The 12.0- 
15.0 gm/100 ml. and the mean 13.7 gm/100 


normal hemoglobin. was 


ml. The white cell counts and differential 
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counts were normal except in those cases 
summarized in Table 2. All of the men 
retention of sulfo- 
bromophthalein after 45 minutes. 


showed less than 5% 


The plasma cholinesterase values of the 
exposure groups and of an unexposed pop 
Table 3. 
variance, it 


From an 
found that 
Group 1 was the only group with values 
significantly different from the 
unexposed population. It is reasonable to 


ulation are shown in 


analysis of was 


those of 


conclude that the slight depletion of plasma 
levels in Group 1 was caused by their ex 
posure to organic phosphorus insecticides. 
However, the depletion was so small in 
each instance that no value below the full 
range of normal was found. Analysis of 
variance of the plasma cholinesterase values 
the 
level of men exposed to high DDT concen 


disclosed significant elevation in 
trations for prolonged periods as compare: 
with the level for unexposed persons. This 
result certainly does not exclude the possi 
bility that men would show a. statistically 
significant increase in plasma cholinesterase 
levels if they received doses of DDT com 
parable to the extremely large doses which 
produced this effect in rats." 

The Figure permits a comparison of the 
urinary DDA values found for the three 
exposure groups in this study with the values 
found for who had received known 
daily oral doses of DDT for one year. 


men 


Investigations reported elsewhere 74 indi 
cate that the rate of excretion increases with 
material 
which, under conditions of equilibrium, is 


increased concentration of stored 
proportional to dosage. This relationship is 
reflected in the form of the graph shown 
in the Figure. [t may be estimated from the 
graph that exposure Groups 1, 2, and 3 
received average absorbed doses equivalent 
to oral doses of approximately 14, 30, and 
42 mg/man/day, respectively, although the 


the 


appreciably around the corresponding mean. 


dosage of individual workers varied 


Thus, the average absorbed dose of Groups 
2 and 3 combined was about 200 times the 
dose 


average (0.184 mg/man/day)* ob 
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tained by the general population from the 
ordinary diet. 


Summary and Conclusions 


Clinical examinations and laboratory tests 
were conducted on a group of 40 men with 
intensive and prolonged occupational expo 
sure to DDT. Estimates of DDT absorp 
tion in these men were made by comparison 
of their urinary DDA concentrations with 
concentrations obtained human volun 
teers on known daily oral dosages of tech- 


DDT. No found 


between DDT exposure and the frequency 


nical correlation was 
and distribution of abnormalities with the 
exception of the urinary excretion of DDA 
and a few cases of minor skin and eye irri 
tation. The skin irritations were mild and 
subsided spontaneously spite of contin 
ued exposure. The eye irritations were all 
associated with high concentrations of DDT 
dust and were no than would be 
expected from physical irritation of dust 
particles. 


severer 


With the possible exception of rare hy 


persensitivity reactions, it ts considered 
unlikely that any illness or symptom com 
plex identifiable as chronic DDT poisoning 
exists in people exposed to DDT at the 
current dietary level because no such effects 
were found in men exposed for as long as 
6.5 years in such a way that they absorbed 
an average of about 200 


times as much 


DDT as that absorbed by the general popu 
lation from their diet. 
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The Effect of Parathion on Human Red Blood Cell 


and Plasma Cholinesterase 


Section | 


MARTIN W. WILLIAMS, Ph.D.; J. W. COOK, M.S.; JANE R. BLAKE, M.S., Washington, D. C.; 
PAUL S. JORGENSEN, Ph.D., San Francisco, and J. P. FRAWLEY, Ph.D., Wilmington, Del. 


The organic phosphate parathion (QO.O 
diethyl ©-p-nitrophenyl phosphorothioate ) 
Was first introduced into this country from 
Germany in 1947. The toxicity of the ma 
terial in rats was studied extensively by 
DuBois et al..' who found it to exert para 
sympathomimetic effects typical of other 
orgame phosphates of its class. It was 
noted that the female was more susceptible 
to the toxie effects than the male and that 
this sex difference could be altered by admin 
istration of chethylstilbestrol and testoste 
rone propionate. lrawley et found a 
10-fold difference in acute toxicity between 
the male and female oral L. 
rats. 


D.s0 levels in 
This sex difference has not been as 
obvious in the subacute studies in 


cholinesterase the 


which 
Was used as index of 
toxicity, 

Subacute dog studies in this laboratory," 
carried on over a 24-week period, indicated 
that parathion at 1 ppm in the total diet 
Was a “no effect” level in regard to cholin- 
esterase, While 2 ppm resulted in profound 
depression of plasma cholinesterase. On the 
other hand, two one-year chronic. studies 4 
at 100 ppm on rats and limited data on dogs 
failed to indicate any gross or microscopic 
pathology. Accordingly, the Food and Drug 
Administration granted a legal tolerance for 


Received for publication Feb. 24, 1958. 

Food and Drug Administration, U. S. Depart 
ment of Health, Education, and Welfare, Washing- 
ton, D. C. (Dr. Williams, Mr. Cook, Miss Blake. 
and Dr. Frawley [presently with the Hercules 
Powder Co., Wilmington, Del.]). District Office 
of Food and Drug Administration, San Francisco 
(Dr. Jorgensen). 


residues of parathion of | ppm im and on 
approximately 60 agricultural commodities. 
The question still remained, however, as to 
the 
to the low-level toxic effects of the material, 


the relative susceptibility of human 
and no satisfactory answer was available. 

Several investigators have made estimates 
of the acute human toxicity of parathion. 
Grob* estimated that 100 mg. of parathion 
would be a lethal dose, while 25 mg. should 
produce “moderate symptoms.” 
that a total 


than 10° to 20 mg. might be a lethal dose. 


Bidstrup 
estimated dose of from “less 
Since the initiation of the present study a 
similar investigation by Edson? has indi 
cated that 3 ppm of parathion in the total 
diet has no effect on blood cholinesterase. 

The purpose of the present study was to 
determine whether as much as 0.050 mg/kg. 
of parathion could be fed in the total diet 
over a period of weeks without producing 
the blood 
cholinesterase levels of healthy human sub 


any significant depression in 


jects. The dosages selected) were based 
principally on the results of animal experi 
ments, and it was felt that probably no 
undue hazard to the human subjects was 
involved. However, there is always the 
possibility of disproportionate sensitivity in 
man, and it must be emphasized that the 
primary purpose of this experiment was to 


“prove” that these levels are “safe.” 


Methods 


Ten healthy volunteer subjects, five men and five 
women, ages 24 to 31 years, were selected from 
the medical personnel of the University of Cali- 
fornia Medical Center. The study was conducted 
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A 
in three phases (Figs. 1 and 2): 1. The pretreat- 
ment control period of three weeks, during which 
trme four control cholinesterase determinations, 
using the method of Michel,” were performed on 
the plasma and red cells of each subject. 2. Four 
successive treatment periods within a 12-week span, 
during which time & of the 10 subjects were given 
four dosage levels of parathion, allowing three 
weeks for each level. The dosage used were 0.003, 
0.010, 0.025, and 0.050 mg/kg. of body weight. The 
parathion was administered as a corn oil dilution 
ind was taken in capsules with the noonday meal 
The identity of the two remaining subjects, one 
man and one woman, who received corn oil placebos 
only, was not revealed to the subjects or to the 
Blood 


samples were taken each week prior to the admin- 


technicians until the end of the experiment 


istration of the daily dose of parathion, and an 


udditional blood sample was drawn 24 hours after 
the introduction of each tmereased dosage (Figs 


weeks, during whicl 


1 and The post-treatment period of three 


time it was possible to utilize 


Section 
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only four women and one man. These subjects 


took corn oil capsules only. Blood samples were 
drawn, and cholinesterase determinations were con 
tinued at weekly intervals. 

Individual 


capsules week, 


the stock corn oil dilutions being pipetted from a 


were prepared each 
0.5 ml. tuberculin syringe into No. 0 two-piece 
gelatin capsules. 
with a 


The capsules were then sealed 
mucilage made of powdered acacia and 
water, and were held upright in a darkened con 
tainer until time for administration 

The 


bioassay 


parathion sample used was subjected to 


for acute toxicity in rats over a period 
In addition, 
chromatographic studies by the method of Cook ® 
the of 
revealed no change in the chemical composition of 
The 
result 


of one year prior to this study, The L. during 


this period was relatively constant 
upon corn oil dilutions each formulation 
the parathion during the experimental period 
the 


light or other agents was thus eliminated as a 


possibility of in vitro degradation "” 
ot 


as 


variable. 


J. ALFRED RIDER, M.D., Ph.D.; HUGO C. MOELLER, M.D.; JOYCE SWADER, B.S., and 


RALPH W. WEILERSTEIN, M.D., San Francisco 
Results 


The Pretreatment Period.—I\n the male 


subjects the individual mean values for 
plasma cholinesterase ranged from 0.80. to 
1.07ApH/hour, with an average of 0.95. 
This is similar to the mean value of 0.92 
for men aged approximately 25 years which 
was established in a previous study of nor- 
mal subjects." 
blood ranged 
from 0.65 to 0.75ApH/hour, with an aver- 


age of 0.70. This is slightly lower than the 


The individual mean values 


for red cell cholinesterase 


average value of 0.77 for normal men, but 
it is still well within the normal range of 
0.58 to 0.95ApH /hour. 

In the female subjects the individual mean 
values for cholinesterase 


plasma ranged 


from 0.52 to 1.03ApH/hour, with an aver- 


age of 0.76. This is similar to the average 
of O0.76ApH/hour established for normal 


women aged 25 years. The individual mean 


University of California Medical Center (Dr 
Rider, Dr. Moeller, and Miss Swader). Bureau of 
Medicine, Food and Drug Administration, U. S. 
Department of Health, Education and Welfare 
(Dr. Weilerstein) 
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values for RBC cholinesterase ranged from 
0.74 to OS3ApH/hour, with an average of 
0.76 (the mean value for normal women is 
0.75A4pH/hour ). 

The Treatment Periods. 


the average values for plasma cholinesterase 


Figure 1 shows 


in the experimental and control subjects, 
expressed as percentages of the pretreat 
Values determined 
weekly intervals and 24 hours after each 


ment values. were at 
increase in the dose of parathion. 

During the first three treatment periods 
the experimental subjects showed a maxi 
mum increase of 13.9% in plasma cholines 
the control 
group. At first glance this amount of dif 
ference does not appear to be of particular 
significance. But the fact that both control 
subjects showed a lower rise than any of the 


terase, in contrast to 9.2% in 


treated subjects in. their respective groups 
indicates that there is a strong likelihood 
If the 
treatment were without effect,.each control 
value would be equally likely to hold any 
of the five possible ranks in its group, i. e 


that this difference is significant. 


there would be one chance in five that it 
Vol. 18, Novw., 


JO5N 


| 


EFFECT OF PARATHION ON CHOLINESTERAS! 


PRE- 


TREATMENT DAILY DAILY DAILY 


0.003mg/kg 0.010mg/kg 0.025 mg /kg 0.050mg/kg CORN OIL ONLY 


DAILY DAILY 


© PARATHION (8) @ ONLY (4) 
& CONTROL (2) & CONTROL (1) 


— 


Fig. 1.—Eftect of para 
thion on plasma cholines 
terase in the human. Per 
mean. pretreat 
ment values 


cent of 


4 
123 2 
24 HR. 24HR. 244HR. 


would be lowest. Since the sex groups were 
independent, there would be only 1 chance 
that both 
lowest (P=0.04). 

At the end of the third period, during 


in 25 control values would be 


which time the dose of parathion was 0.025 
the 
plasma cholinesterase value dropped to the 


mg/kg. body weight daily, average 


pretreatment level. Twenty-four hours 
after the first dose of 0.050 mg/kg. the 
average value in the treated subjects was 
4 below the pretreatment level. 
Regardless of the dose of parathion, the 
KBC cholinesterase levels showed no sig- 
nificant change (Fig. 2) during the treat- 
ment periods. The maximum mean increase 
in the treated subjects was 6.7% above the 
pretreatment level, whereas the maximum 
increase in the control subjects was 7.6%. 
The Post-Treatment Period.—In the five 


subjects who took corn oil alone for an 


PRE- 
TREATMENT 


Fig. 2.—Effect of para- 
thion on red blood cell 
cholinesterase in the hu- 
man. Per cent of mean 
pretreatment values. 


PER CENT 


0.003 
DAILY 


24 HR. 


additional three-week period, the plasma 
cholinesterase level showed an average in 
crease of 10.507, which is similar to the rise 
during the first three treatment periods. 
This increase probably represents a rebound 
effect. Similar results were obtained with 
the RBC cholinesterase. 

Clinical Effects 
fects were noted in our subjects, nor were 


No adverse clinical ef 
any anticipated. A previous study on the 
long-term treatment of myasthenia gravis 
with an anticholinesterase by Rider et al." 
has shown that under these conditions no 
adverse clinical symptoms occur, even when 
between 106 and 20 


serum levels are 


of normal. 
Comment 


The small increase observed in the plasma 
cholinesterase levels when the subjects were 
fed low levels of parathion was not unex 


mg/kg 0.010 mg /kg 0.025mg /kg 0.050mg/kg CORN OIL ONLY 
DAILY DAILY DAILY DAILY 


© PARATHION (8) @ (4) 
& CONTROL (2) & CONTROL (1) 


1 il 


24 HR. 


Rider et al. 


2 3 010203 


24 HR. 24 HR. 


| 
} 
120 : 
100 
80 
60 
& 
20 
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100 
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20 
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pected. The effects of unknown compensa- 
mechanisms at the 
of studies with 
organic phosphates, and were termed re- 


tory were observed 


termination dog- feeding 
bound phenomena, by Frawley and Fuyat.* 
This same rebound was observed in rats by 
Frawley et with OMPA (octamethyl 
pyrophosphoramide ), E838 (diethoxy thio- 
phosphoric acid ester of 7-hydroxy-4- 
methyl coumarin), and with EPN (O-ethyl- 
()-p-nitrophenyl phenylphosphonothioate ). 
In addition, an increased red cell cholines- 
terase level in mice which is stimulated by 
x-irradiation was described by Sabine.™ 
This rise, however, is followed by a decline 
within Whether 
cholinesterase has any clinical significance 
is unknown. 


a few days. increased 


rom the present investigation it is ob- 
vious that when parathion is administered 
at graded levels up to 0.050 mg/kg. (i. e., 
around 3.5 ppm in the total diet), no cho- 
linesterase inhibition is observed, while at 
the lower levels an actual stimulatian occurs. 
xcept. for the increase noted, this con- 
almost with that of 
It is not possible at this time to 


clusion is identical 


explain the exact mechanism of this tempo- 
rary rise in cholinesterase. 


Summary and Conclusion 


Four male and 


four female volunteer 
subjects in good health were fed four levels 
of parathion for 12 weeks at 3 weeks per 
level. The successive dosages, which were 
fed daily as corn oil dilutions by capsule, 
were 0.003, 0.010, 0.025, and 0.050 mg/kg. 
of body weight. Two additional subjects 
were given corn oil placebos. Studies of the 
plasma and red cell cholinesterase levels by 
the method Michel were made before, 
during, and after the feeding period.. A sig- 
nificant increase in the mean plasma cholin- 


of 


esterase without an accompanying change in 
the red cell enzyme occurred early in the 
feeding program, but the levels declined to 
control values when doses of 0.050 mg/kg. 
were 


instituted. Upon completion of the 
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feeding program slight rebound in_ the 
mean plasma cholinesterase was noted. Mean 
control levels did not change significantly 
throughout the study. 

It is concluded that the daily ingestion 
of 0.050 mg/kg. of parathion for a period 
of three weeks produces no decrease in hu 
man plasma or red cell cholinesterase ac 
tivity, while lower dosages induce some 


increase in the plasma cholinesterase level. 


Food and Drug Administration, UL S. Depart- 
ment of Health, Education, and Welfare, Washing 


ton, C, 
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A NEW METHOD OF TREATING SOFT TISSUE INJURIES WITHOUT LACERATION 


To the Editor: —MacLaughlin and Shector (A.M. A. Arcu. INpust. HEALTH 12:388, 1955) 
reported on the successful use of a neomycin-hydrocortisone ointment 25% for the treatment 
of contusions of the distal phalanges. Inasmuch as | am associated with a large industrial 
plant, this particular paper was of great personal interest to me, and it seemed rational to apply 
this method of treatment to certain of the cases met with in my practice. I also. appeared logical 
to expand this form of therapy to larger soft tissue injuries, such as sprains, contusions of 
the extremities, black eves, tenosynovitis, and even fractures 

The results were extremely gratifying to me, and I am therefore writing this letter it 
the hope that it will stimulate a more scientific evaluation of this form of therapy 

Between February and November, 1957, 467 cases involving soft-tissue injury without 
laceration were treated with a neomycin-hydrocortisone ointment 2.5%. All were unselected, 
and controls were run using neomycin ointment and hydrocortisone ointment alone in a limited 
number of cases. The distribution of injuries was as follows: 

Sprains % 
Contusions 115 
Strains 130 
“Trailer bruises” 117 
Arthritis, fingers 7 
Fractures 2 

The ointment was applied as soon as possible after mjury, and applications continued two, 
three, and four times daily. Supportive measures, such as ice caps, elevation of the affected 
limb, and compression dressings were also utilized 

It has been my experience that injuries of this nature treated in this manner showed a 
rapid diminution in swelling and discoloration and resulted in an early return to employment 
Some typical case reports may be of interest in this respect; 

Cast 1.—A 45-year-old white man sprained his right ankle at work and reported the 
following day on crutches, unable to bear any weight on the foot. There was marked swelling 
of the ankle and dorsum of the foot with marked ecchymoses. Neomycin-hydrocortisone oint 
ment 2.5% was applied twice on the first day. The foot was elevated and an elastic bandage 
applied. The patient was told to use an ice cap on his return home, and to report for more 
applications of the ointment on the following days. After 48 hours of treatment the man 
reappeared, carrying his crutches, wearing both shoes, and requested permission to return to 
work. Examination of the ankle revealed only slight swelling and ecchymosis of the ankle, 
minimal tenderness, and a full range of motion 

Case 2.—A 25-year-old white woman struck her right wrist on a conveyor. In view of 
the marked swelling and tenderness, an x-ray examination was done, but no fracture was 
noted. Neomycin-hydrocortisone ointment 2.5% was applied, and the following day, 18 hours 
after injury, there was no visible evidence of swelling or ecchymosis. When the patient 
returned to her usual work, two days later, swelling recurred, but it again disappeared after 
only 24 hours of additional treatment. 


Cast 3.—A 34-year-old white man sustained a severe blow on his right great toe. N-rays 


revealed a transverse fracture through the proximal end of the distal phalanx. Marked soft 
tissue swelling was noted. Neomycin-hydrocortisone ointment 2.5% 


was applied frequently 
durigg the first six hours. 


The following day the patient returned to work, wearing his 
customary footwear. One week later examination revealed no visible evidence of injury to 
the toe. 


A review of the 467 cases so treated indicates that all had good results. This form of 


therapy was also tried on small arthritic joints and on “black 


eves,” with similar rapid 
* resolution of signs and symptoms 


torn 


(ORRESPONDENCI 
No attempt will be made at this time to offer an explanation tor the ethicaey of this 
of therapy, but certainly clinical experience indicates that it is of great value in this particular 
form of trauma. Hydrocortisone ointment and neomvein omtment failed to elicit the same 
tavorable clinical response, 
It is hoped that this letter will stimulate interest and initiate studies as to the mode o 
action and efficacy of this form of therapy, particularly in the field of industrial injuries 
MakvVIN G. Burperte, M.D 
St. North 
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News and Comment 


ANNOUNCEMENTS 


Home Study Courses in Biostatistics and Toxicology.—At the present time, the 
\merican Academy of Occupational Medicine is offering Home Study Courses in Biostatistics 
and Industrial Toxicology for those who desire. to acquire fundamental knowledge in these 
fields 

Biostatistics consists of a guide and exercises to be used im conjunction with a recommended 
textbook. The course material may be obtained for $2.00. 

Industrial Toxicology is presented in 150 mimeographed pages divided into twelve lessons, 
each with study questions. Answers may be submitted for correction to the Faculty at Columbia 
University, which drew up the course. The cost is $15 to Academy members, $20 to others 

Those wishing to enroll should send a check for the appropriate amount to Dr. Leonard 
J. Goldwater, School of Public Health & Administrative Medicine, Columbia University, 
600 W. 168th St. New York 32. Checks should be made out to the American Academy ot 
Occupational Medicine. 

The Home Study Course in Biostatistics is a prerequisite for participation in the Course 
to be given at the Institute for Physicians in Industry by Columbia University in Febraury, 1050 


HR 


Books 


Biological Effects of Whole-Body Gamma Radiation on Human Beings. I}y Harold © 
Davidson. Price, $4.50. Pp. 98, with 24 illustrations. The Johns Hopkins Press, Home 
wood, Baltimore 18, 1957. 


This monograph, from the Operations Research Office of The Johns Hopkins University, 


deals with the specific problem of gamma radiation from radioactive fall-out 


The author develops a theory, based primarily on the work of Dr. Henry A. Blair, for 


predicting the radiation injury and rate of recovery in man following an exposure to fall-out 
\ mathematical expression is developed in terms of the effective dose or net injury, in 
roentgens, as a function of the total accumulated dose, the recovery rate, the effective 
decay of fall-out material, the initial level of radiation, 


and the time of exposure. Gross 
assumptions and estimates, which are examined in detail, 
values to the variables. 

It the 
external radiation injury should be justified and not 


are made in assigning workable 


is believed that 


author’s classification of gamma activity 


as the only source of 


assumed. Also a rather surprising 
omission is the lack of a suitable scale relating the 


ettective dose, as determined by the 
derived mathematical expression, with the expected biological effects on man 


The important point of this monograph, however, is that defense planning against the 
effect of radioactive fall-out is feasible, but in planning 


such a detense the considerations 
developed in this report will have to be understood and applied rather than the considerations 


involved in the present debate regarding the long-range effects of a relatively small amount 
of fall-out 


HARRY JORDAN 


Industrial Noise Manual. Price, $7.50 (members’ price $4.50). Published by 


Industrial Hygiene Association, 14125 Prevost, Detroit 27, 1958 


\merican 


This is the first of a series of manuals to be released by the American Industrial Hygiene 


\ssociation. It is the work of a committee which has been actively engaged in its prepara 


tion for the past three years 


This document should be of particular value to all of 


those engaged in the evaluation 
and control of industrial noise. The first five chapters deal 


with the physics of sound; 


instrumentation for sound measurement and audiometry; the techniques for sound meas- 


urement, including some details on obtaining reliable data: in addition, detailed instructions 


for conducting a sound survey, together with examples of 
included 


data sheets to be used are 


There are three chapters devoted to the hearing processes; the various kinds of effects 


of noise on man, and a brief discussion of the medical aspects of industrial hearing con- 
servation. This last chapter summarizes rather well the basic information as to audiometry, 
including crtteria for good testing environment, qualifications of the technician, types of 
records, and the procedure to be used in making tests 


The most significant contribution in this document is the last half, which is devoted to 


the engineering control of noise. Following a rather detailed discussion of the important 


principles involved there is a series of 31 examples of successful methods of noise reduction 
One page is devoted to each of these examples 


It includes a description and drawing of 
the basic approach as well as a graph showing the amount of noise reduction obtained by 
this technique. 


The last chapter is devoted to a discussion of personal protection including ear protector 
requirements as well as characteristics of various available kinds of ear protection. 


\ reasonably good index and a series of definitions are appended. 


This will be an extremely valuable document, particularly for industrial hygienists work- 
ing in the field of industrial noise control. It has set a high standard of quality for future 
American Industrial Hygiene Association manuals 
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Signs, Symptoms and Treatment of Certain Acute Intoxications. By \W. B. Deichmann 
and H. W. Gerarde. Price, $3.75. Pp. 154. Charles C Thomas, Publisher, 301-327. EF 
Lawrence Ave. Springfield, Hl, 1958 
This is the second edition of a very useful handbook. Part 1 consists of a brief but 

carefully considered résumé of first aid and general suggestions for the treatment of acute 

intoxications. Part 2 is devoted to brief summaries of ‘the clinical features 


and treatment 
of acute potsonings. 


The variety of potentially toxic materials included in this small book 
is remarkable, ranging from commonly used antibiotics 


to recently introduced important 
industrial chemicals. 


The handbook is well arranged; the print is comfortably sized, and 
the binding is attractive. The reviewer believes that this -little handbook fills a very real 
need and should be immediately available to every practicing physician 


ALBertT ©. M.D). 


Practical Cardiology. ly Albert Salisbury Hyman, M.D. Price, $7.00, Pp. 307. 


MeGraw 
Hill Book Company, Inc., 330 West 42d St., New York 36, 1958 


This book addressed to general practitioners does very much of what it professes to do 


This is a review of what is accepted as good diagnosis and treatment of heart disease 
of today for the doctor who has been out of medical school for some time 
to be an exhaustive reference book. 


as 
It is not intended 
It makes for easy reading, speaks with authority, and 
provides a good point of departure for further study if one is interested. The major 
emphasis is on the basic tools at every doctor’s disposal, viz, his own powers of observation 
and his stethoscope. To be recommended for those who want to. catch up im elementary 
cardiology 


LD. Crark, M.D) 
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FOR EVERY TOPICAL SITUATION: 


EXCELLENT ANTIBIOTIC AND ANTI-INFLAMMATORY COMBINATION FOR INFLAMMATORY AND OR INFECTIOUS DERMATOSES 


NEQ-MAGNACORT 


tobir MH. My et 
neomycin and hydrocortamate 10 PICAL OINTMENT ntibiotic Med, 32461, 
Janssens, J.: 


: Le Scalpel 

extraordinary water-soluble dermatologic corticoid, MAGNACORT. 
combined with an outstanding topical antibiotic, neomycin, for Review 1:13, 1958. 
effective control of inflammatory and/or infectious dermatoses.' © 
Improvement or complete cure noted in 88° of a series, including Pfizer) 
many skin disorders notoriously difficult to treat.° 
Suppiiep: In 1/6-0z. and 1/2-0z. tubes, 0.5°% neomycin sulfate and 0.5% hydro- PFIZER LABORATORIES 
cortamate hydrochloride. 


. Division, Chas. Pfizer & Co., Inc 
Aiso availabie: MAGNACORT® ropicat ointment: 1n 1/6-02. and 1/2-02. tudes, 0.5% hydrocortamate hydrochloride, Brooklyn 6, New York 


O 
() 
SOD) 
\ 
Howell, C. M., Jr.: Am. 
Treat. 
AM A. Arch. 
Welsh, A. Int rnat. 


this moderately low-fat 
breakfast is a well-balanced meal 


When a moderate reduction of the fat calories is to be The lowa Medical College Breakfast Studies demon- 
recommended in the morning meal, the basic cerealand _ strated that this basic cereal and milk breakfast, contri- 
milk breakfast merits your consideration because it is buting about 20 gm. high quality protein, provided quick 
moderately low fat and contributes well-balanced nour- —_ and lasting energy during the early and late morning 


ishment as shown in the table below. hours and maintained mental and physical efficiency. 


basic cereal 
breakfast pattern 


Nutritive value of 
basic cereal breakfast pattern 


Orange juice, fresh, 4 cup, CALORIES.......... 502 VITAMIN A.......... 600 1.U 
Cereal, dry weight, 1 0z., PO 20.5gm. THIAMINE.......... 0.46 mg. 

11.6gm. RIBOFLAVIN........ 0.80 mg. 
with whole milk, 2 cup, and sugar, 1 tsp., CARBOHYDRATE... 80.7gm. NIACIN.............. 3.0 mg 
Bread, white, 2 slices, with butter, 1 tsp., CALCIUM, 0.532 gm. ASCORBIC ACID.... 65.5 mg 
Milk, nonfat (skim), 1 cup, as ERE ee 2.7mg. CHOLESTEROL...... 32.9 mg. 


black coffee 


Note: To further reduce fat and cholesterol use skim milk on cereal which reduces Fat Total 
to 7.0 gm. and Cholesterol Total to 16.8 mg. Preserves or honey as spread further reduces 
Fat and Cholesterol. 


Rowes, A. deP., and Church, C. F.: Food Values of Portions Commonly Used. 8th ed. Philadelphia: A. deP. Bowes, 1956 
Cereal Institute, Inc.: The Nutritional Contribution of Breakfast Cereals. Chicago: Cereal Institute, Inc., 1956. 

Hayes, O. B., and Rose, G. K.: Supplementary Food Composition Table. J. Am. Dietet. A. 33:26, 1957. 

Cereal Institute, Inc.: A Summary of the lowa Breakfast Studies. Chicago: Cereal Institute, Inc., 1957. 


CEREAL INSTITUTE, INC. 135 South LaSalle Street, Chicago 3 
A research and educational endeavor devoted to the betterment of national nutrition 


BASIC 
CEREAL 
BREAKFAST 


